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[ What Wc Know Aboat the Stars 

CHAPTER I 

The Universe 

Pareword. — 'The majority of peoplcj wbo toil 
rhmu^li (li"- d;:y airl waicli ^virli K^a^^erness for a 
flight of rest, are wholly unconscious of the pleas- 
ure rhosc have who, night after night, through 
mo5t nf the hoiirc; ril[ dawn, warch " the far. still 
star^ " in their heevcnlj^ courses, and to whom 
a*itronomy is the sublimest science known to 
intelligent beings. The many do not realize, but 

the few know, that it reaches farther and touchea 
more wonileT*i than any other physical scicmrc ; 

that its finger-boards point che way over — 

*'A "bread and ample robd, whaae duBt lb E^ld, 
AiJd pavemanl tUTL*' 

As a science, astronomy 13 u old aa the human 
(5) 
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race. It ls said that Adam was the first astron- 
omer: how could he help being one ? Ic is certain 
ihcTC i.oiil(! not have hrvn n rime wh^n men did 
not look up at the heavens at right and wonder at 
ihc twinkling orbs, conjure forms of conatclla- 
tioH'P and express siirprisp at ttiiTicts, meteors and 
eclipses of the moon and sun. Nor will there ever 
he a time on this planet' when Nature's laws reg- 
ulating the Visfhle Universe will nof be the occa- 
sion for great search[n^ and profound thought, ^h 
There is no reason why wc — cveijone of us>^^| 
should not be close " observers.*^ Astronomers w^^ 
may not be, but observers we can be. Every dear 
ni^ht, before lyin^ down to rest, Wf may late a 
brief walk, say vi fifteen minutes at least, and 
obseive the sl^t^ly uiaich of a host of beautiful 
suns, strerchinjr far along the highways of infiritif, 
wliosc number runs into the millions, who^c sizes 
and swiftnesses of motion aic as wonderful and 
as diverse as their number, whose colors are as 
varied as those of the rainbowi and whose actual 
condition, snlid or gaseous, cjji only be judged 
by what we have learned of our own great solar 
orb : and at the same time we may take note of the 
constellationSf the brighter and less bright stars, 
and the numberless curious phenomena that will 
graJually develop before our eyes. In time, the 
skies will become as familiar to us as our own 
street or town. Even such a '' naked eye " obaw- 
vation will (^ve zest for sleep and fill the aund 
with unutterable thoughts. It is inspiring, beyond 
the power of lanpiac*^, to look out after night! 
iiiFa immensity and view tbc mYnajI gnlden peai 
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that make up the sparkling coronet of jewels of 
the Visible Universe. 

But every intelligent persun should do more 
than merely spv out what his own eyes will see. 
He should have st/irc real kn^jwlcdgc of '' what 
we know aboiii the stars," — their distancei^, move- 
ments, variableness^ lUter-relations ; their probable 
urigin, progress as slats, possible destiny. The 
subject pofijIarTy treated is not so difficult of 
understanding in many of iK branches, and is by 
nti means fanriful. Astronomy is 3 real thing; a 
genuine manifestation of the manifold glories of 
past aces: a prL-:^a&c of new evolutions in the 
future; a rescript of the visible thnui;hr and mind 
of God, It IS another open book of Revelation, 
and, like the Ribic itsclfn is bnlh milk for ihe babe 
anJ meat for the strong. 

Of covitse we do not mean to say that astron- 
omy is so exact a science (hat all its pioblenis are 
as demonstrable as a problem in Euclid. There 
arc mere guesses connected with it» hut these 
only surround its truths with a halo of romance. 
So far as real problems are solved it is an exact 
science. That the astronomers arc enabled to cal- 
cilljite, hundreds oi yeiirs in iidvance, tlic pTtciie 
moment of the transit of Venus aeross the Sun» or 
of an eclipse of the sun or moon, or when a cer- 
tain comet [R dup to appear, only proves that facts 
have been acquired which are c\aet, and that the 
machinery of the heavens does not run on by 
chance but under fixed laws. 

Aatronomy also has problems the most pro- 
found and the most difficult with whvcU tncn-Vant, 
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ever prapplcd. They are such as men may never 
Hilvf, Bur Thi' wIieiIf wiile way upward, from rhe 
smallest krsowledj^e ihe most ignorant po5!?esfies to 
the hiche.st attainments of a Hcrachcl, is a glo- 
nou.^way of rmth.^intl issrrewn with [mpenshiblc 
flowers. Every book in out librari^ on the knowl- 
edge obtained through the means of the telescope 
or the specrrosccpe ahour the Visible Universe is 
a chronicle oi wonderful discoveries. Every new 
fa^t ili^luscd concrTiiiiiK I'lantl. jjun, ojmet, fi.\ed 
star or nebula, is a mine of beautiful thoughts. 

All that we can hope to do in this small volume 
is to open up a feiv of the rith facts connected 
with the broader fields of siderlal astronomy, in 
order that the reader may pursue the subject 
further in sjieviial treatises in lart^ci wurks. 
Nothing herein is claimed to be original j it is 
compiled from many sources; but our hope is that 
ir^i suggestion^! will be fruirful of e^lm rpflections 
upon and interesting outreaching;s into the infini- 
tudes. 

Scope of the Subject. — If space permitted, we 
should emhriicc somi' i>i tUf fjiits, great and smrdl- 
relating to our own Solar System, but as these 
topics aic to be included in other separate vol- 
umes, we shall not, unless incidentally, enter in- 
to them. 

In speaking* therefore, of "stars," we shall al- 
lude only to the sm-cnlled '^ fived *' stars; thaic 
which appear not to move from day to day or 
from year lo year. They belong to other systems. 
The}' are related to our sv'stem only as they are 
reiatcd to the whole Visible Universe. They 
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seem to be comparatively near, but their individ- 
ual distance* nnr yo irrcar tliai. ti> the eye which 
might [txiV at ihein fii-ila>, anJ apain — were that 
possible — a thousand years hence, they would be 
unaltered in positioci. ThE>' form the milc-poats 
on die hi^ road to. perchance, illiniiTable spflcp. 
'J'hey make up what the ancients fanned were 
genuine groups of luminous bodies, rcprr^cnling 
men and animals, and were by them called con- 
stellarions, though sve know their apparent coa- 
jiinccions are, for the most part, only ^paroiL 

Wliat of these far-aw?y stars? Are they suns, 
surrounded by worlds, or mere messes of light? 
Have chey an orderly mov«nenr, or do they final- 
ly stand still* Have any of them jast beguii to 
be? Have any oi such as formerly were seen 
rome ta an end? Do we knoWj and how do we 
know, their distances from us? Do they mark the 
liniit?^ of the actuals nr only of the Visible, Uni- 
verse? These are but a few of the long number 
of queries that come to the mind as one untutored 
in these things begins to loot at the stars and to 
conjecture this or that. 

Is the TTniverae Infinite ^^Franklvn we do not 
know. No one can know but its Creator, Speak- 
ing now nJ the Visible Univeisc, we tlo not know 
what is beyond it — mere emi>ry space, or, at un- 
caiculahlc distances h'-y^nd, orher Universes, 
whose liEiht never reaches us. But our immediate 
and Visible Universe inself is probably finite. As- 
tronomers have endeavored for centuries* to probe 
its entrnt in nne direction nr another, ajul, while 

not successful to a deraonstratvon, ^^^ "itt Wiva 
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satisf ed that the stars which the largest telescopes 
Lan diaiovcr — ai least one hundreU mil]ions oi 
rhfTn in rhe aggregate — are, ^iiih.tranrially, all 
cliat belong to the particular UmVcrse of which 
oar Sun anJ its plun<!is are considered as forming 
a part. It may or may not be shaped, in the main, 
as Herschel supposed, Hlte "a cleft grindstonci" 
yet It would seem to have tlur general fJi^jiei an d^ 
we, who are near the centre of that *' grind stone,*^B 
or *'riim" as others term it, can view the long,^ 
thin edjie nf sinli a Universe h> lo<)kini; at the 
Milky Way. ^ 

Go out on the green before your door on a c1cm^| 
evening and look up^vard — either directly over 
your head, or othenvise, according to the time of 
year — and yiiu will see running quite straight 
acn^i^ the Keaven'i a hand of light. It consists, you 
wi\[ tib^rve^ of innumerable stars, anti also of 
patches of diffused IfEtir, throughout most of its 
e\tent. Its sides are not clear<ut and definite, 
hut still they can he traced to a certainty, showing 
that on tlw whole the Milky Way has a circum- 
scribed Width. To the right and left of it the 
sky is darker and the stars fewer. This is the 
fnmrms Milty Way, so-called; sometimes called 
the Gala\y; and the difFused litrht throughout 
uiost of its scope 15 called the Galactic light. In 
the Middle A^jes it was called by its Latin name, 
i'ia Lacfca. It is not a continuous band of light, 
hut at a iToint divides inli» l^vo brflochcs : hence the 
e.vpression '* cleft " ring. It is not yet a certainty 
that our own Sun belonf^ to any of the same im- 
fncnse cfusters upon clusters oi stars which form 



ABOUT THE STARS 



II 



die brighter spots in the Milky Way, but, whcth- 
rr it does nr not, that Way hnllfanrly set^ iotth 

e probable general shape i>f the portion of the 

isible Universe to which our Sun belongs. 

It is not unreasonable lo beh'cve tliat the Uni- 
ver^e. which uc know both bv our L-yc^ and by 
the telescijpe, ha^ a sliape, and is not a mere ag- 
grcgjition of stars stretching out eveiy whither, 
with no plan aod no puiiJiLip hnnd. All N.iture 
has a plan and ;» Planner, utid the Planner has 
given order to the plan. It is. we believe, a plan 
thiit IS definite, uith nietes and boun<Is; rvhat 
other plan!:;, what other Universes, are beyond our 
ken, is aomcthinp not ^vea to us to know. 

The belief Js also n\iw universal that tliere is 
no empty void ihroughout space, but that there is 
at least to the entis of the Visible Univcrac^ a lu- 
minifproij^ r-diTn which permits of rhe transmis- 
sion of lij^hr and of the force of gravity- It is be- 
lieved that without this cthcT no light would reach 
us from the stars^ hut thai the Universe would he 
in profound darkness, A curious suggration hae 
been Tundc that some day there mip;ht be communi- 
rati^in with di-^rnnt worMs by wirr-le-i^ relcjiT^phy, 
the conductini; instniment beirp; this ether: pro- 
vided, of course, that tlic inhabit^mts of those 
wurlds, as well as those of the Earth, should con- 
ict the proper apparatus, and attempt at the 
e niorient to hohl the coinmunicationl 

Extent of the Visible TJniverae. — Those faint 
luminosities, mere patches of lii^br, in the Milky 
Way, are, wheo a telescope peeriiirjco them, coimt- 
slars- Some of iheni arc irresolvable into 
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stars, and yet may be stars ; always excepting cci> 
rain other (many of rhem mnre di^itanr) patches, 
which are quite certainly nebula, of which we 
shall apeak later. It is the gi:eat: aggregation of 
stars in the line of virion that makes the Milty 
Way 1 that gives it the appearance of one vast 
ocean of ligliC- This nieani that, while from star 
to star the distance niay be billions, and even tril- 
lions of miles, ret they arc at such a distance from 
lis that muhiciides af them seem close together 
and often interblend. It has been demonstrated 
that "one-half of the lit^hl of a star-lit night 
comes from collective cliisrers of stars, each of 
which 15 totally invisible except in the telescope-" 
Probably, therefore, a5 we look: into the Milky 
Wiiy, we see lartlier toward the limit of the Vis- 
ible Universe than by looking m any other direc- 
tion. 

If the shape of the starry heavens is at all like st 
ring, we arc looking toward the circumference 
when we look into the Milky Way, and toward 
the diameter when we cast our eye? upon other 
stars in other directions. How iar from us the 
farthest visible star is, we may hardly gjess at in 
the li^ht of present knnwiedge. If we knew it* 
real sice^ and could also detect its motion, we 
mipht figure it onr approximately close. Hiit the 
farthe&t-away stars have probably nor changed in 
their apparent place in a thousand years. Tele- 
scopes have only beeti in use since the days of Gal- 
ileo (1564-1642), and a knowledge of how to 
measure star-distances with any sort of accuracy- 
has only been obtained since the time of Be^sel 
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(1784-1846), How- these disiances are measured 
wz shall sec on a later page; enough now to say 
that we only tnow what may be rhe average dis- 
taiKe to the brighter scars, and must make guesses 
oi to the dJMances of the fainier and, presumably, 
farrhest-away orb*;. 

The average of the brighter stars arc believed 
to be about (wo million times fiirthcr away than 
fhe distance frcm the Earth to the Sun, The 
Earth is, in round numbers, 93|000»ooo miles 
from [he Sun ; that multiplied by 2,000^000 makes 
rhe inconceivable distance of 1 86»OO0,0OO,OO0,O0O 
miles between us and the average bnght " fixed " 
star. Professor Gylden, a mtwt acute analyst of 
star data, fixes the parallax of the average of the 
first mngnitude stars at 0,084", which places them 
off at a distance of 166,000,000,000,000,000 
miles- He may quite likely be in error, but all 
such figures, great or small, aie inconceivable. 
Profe^Mir Npwcomb even thought the farthest 
away stars mi^ht be 200,000,000 times the dis- 
tance of the Sun from us, requiring lii!;ht 3,300 
yeare to travel over it, and, if so, that there may 
be a rhou^and million star^. But he at^o well 
says that this fs "a very iDujih p^timate/*' Cer- 
tainly if the faintest telescopic stars ate really 
upon an avera:;c just as large as those avera^ 
hrighi stars (arid there ii> little reason to doubt 
it), they must he at least tvvo hundred thousand 
times as far away, If 50, whatever that point 
may be, we must go there before we may feel we 
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are nearing the boundaries oi the Visible Uni- 
verse, 

Is the UniTerse of one General Plan f — That 
ia to say, is it made up oi suns, with planetary 
worlds around them, Ifke our own mfem ? Our 
Kystenii as everj^body knows, consLsCs of one cen- 
tral luminary, which, if it were placed as far from 
us as any of the various stars, would appear like 
one of those stars. It would be the same kind of 
a *' fi-\rd ' star which t!ie most of those are known 
to be. At the calculated distance of the nearest 
bright ■* (ixed " star, our Sun would probably be 
a siar of the second magnitinle. Ar the distance 
of the least- visible, naked-eye star, it would be 
w^holly invisible. 

Now, does each " fi\ed ^* star, which, as we 
know is a sun more or [ess Like our ovm, have 
planets circline around it, and is that the full and 
complete scheme of all the *^ suns '* in the Visible 
Universe? Is this whole known *' Garden of 
GoJ " composed of only one kind of gloriousLy 
brieht roses, with, as It were, clusters of dark 
roses attending them aa they move along on ihar 
beautiful and sublime mission ? Clearly (his is not 
the case. The stars arc as diverse in size, color 
and other peculiarities as the flowers of the home- 
garden ; and what is seen may be only a tithe of 
what is not seen. 

Formerly, it could not be proven that there 
were anything like actual planets revolving 
around any of the^e various sun?, because they 
were (as they still arc) invisible. Their reflected. 
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lighf, if they eTcist^ is lost long before it reaches 
us. 

Light travels with speed faster than any known 
courier, but it loses lusrer as (r travels, and re- 
flected light, in any event, cannot cro^s hn\i the 
vast sea of space ihal separates as from the nearest 
star. So we have never seen and pmbahly never 
shall see, even with the largest telescope^ the ac- 
tual face of a planet of another Msieni. Never- 
theless, we may believe that planetary- bodies ex- 
ist, because we know of certain lar^e, dark bodies 
thar do circle around sonic of the <ilher suns. We 
know thi<!, because they shut off the light of such 
suns at intervals. In fact, the periods of their 
orbits have hfen laUidaCi^d to a nicery. They are 
dark PtarS) which, without doubt, were at one 
time HeaLeil to sun-hcal, hut arc growing to be, 
if thpy have not herome, planetary, and they have 
orbits around other bright stars. Such of these 
as V.-C knour of are immense in si^e; in some cases 
almost as large a^ the luminaries around which 
they revolve ; anii, if of such sizcj there is no rea- 
son to doubts reasoiiing from analogy, lliai there 
are smaller planets revolving around the same 
suns. Such smaller planets, in making a transit 
arrow the disc of their central luminary, would 
not be noticeable from the distance of rhe earth- 
Should such planets exist, without doubt the>' are 
\n all stages of development corresptjnding with 
the planets of our own system. Some must btf 
like Jupiter still hot an<j covered with vapora and 
gases, clearly nor fit to be tlie abode of human 
life, as such life is known to us; oCh£Cs Uk^ \tar^^ 
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which niay or may not be in a condition to sustain 
vegcrarior and beings hiving physical bodies lite 
our o\^'n. H 

But, If some of these stars arc tlic Lcntrcs of sys-™ 
trms similar to our oivn, there is every evidence 
that others are svholly different. We sometimea . 
find two suns cirding aruund each other, thei 
being not onlj' a simple but a compound revolu-j 
tion. Some of the 5un5 arc accompanied by anj 
immense mass nf nebula^ Some arc in various de-' 
grees of intensity of heat, which ai^ecfs ihj^ir color. 
The heavens are full oi anomnlits- tt is clear to 
every astronomer that there ar*" varinus systems of 
suns and (pn>bnbly) worldsT and that no trt'o can^ 
be e^caftly alitc. Nature never does make twt>\ 
things precisely alike; it tends toward unity only 
throueh \'ariet>'. 

Giordano Bruno ( 1 548- t 600) was burnt at t\ 
stake for sugL^Jting, amonp other things, that 
'* fixed " stars prohablv had worlds reyoIvinEJ 
arotind them which mi^ht he inhabited. It waai 
thought to be placing the Scriptures at a disad-i 
vantage to assert that Goil'^i prcat care and love| 
were not whnfly tiirerted to the ivelfarp of the 
" saints " on this Kttle planet. But that day has 
passed away. Thoughtful men no longer put. 
imits to the creative pnvi'er. and, this (franted, 
why should they limit chat power as to the crea- 
tion of inte]|i!?ent beincs in nther portions of tlie 
Universe? " His thoug;ht5 are not as our thoughts, 
neither arc our wnys His ways." We may well 
^"ve up orce fur all our narrow- ^u a -^e ciptTiIon 
that i\'hat we see here on the ftve conlvneats o( 
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ihb earth is ihc ALpha acid Otncga of tlic Cre- 
ator'!; purp(j5fs In all the world. 

That rhe vanous sun-systems are divcre*, [t is 
on]> rca^oiiablc to believe. A"; wc jiiurnry over 
this world we see constantly changing scenes. We 
view prairies, hilh, forests, waterfalls, towering 
peaks; we tome upon rocty Jeseits, and sandy 
deserts: upon summits tall, but dark wicli wood, 
find then upon summits crowned with eternal 
snnws. No rwo wnfinents are alike ; no two coun- 
tries, no t\vo counties, no two local habitation* 
are Bllte. No two rivers are the same. No two 
trees, no two blades of grass, Are alike. As we 
look out into the star-depths, we find there no 
two groups of stars, no two constellations, no 
two nebulw alike. Diversity is eveiywhere; up 
an4 below, and around and within. If is His 
plan to be diverse r to the Divine eye not similarity 
but dissimilarity' is beauty. Jf the star-groups are 
varied, and evcr>' object visible In the telescope 
IS nf different size and appearance, we may go 
further, and say that the probabilities are that no 
two systems of suns and worMs, or of suns and 
suns, are exactly like each other, or like our own. 
and thereiore that the Visible Universe bas not 
been created upon one single and narrow plan. 

Will the Universe Run Down? — In other 

word^, will light ^ind Iirat cinr day give oiit, mo- 
tion cease, all life die, and "' the end " come? 
Judeine from all we see and know yes. This \s 
not to say that the machinery of the Universe is 
a failure. If it were not made to run fortvcTj 
but had some other end in view tban tatrc coa^- 
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nuity of ejiistencc, then ir completes ics misatoir 
when its final day shall tome. Reasoning from 
everything we tnow of things composed of mat-™ 
ter, we are taught fhat the end ot the Visible U[U^| 
veisp IS but a question of time- Ir lias a destiny, 
and that dcsliny will be fulfilled. Sometimes one 
asks: U matter indestructible? \Vc do not 
know. If createJ, there can be no reason why 
by the same agency it might not be destroyed. If 
intended, however, to be indcstructiblcf still it 
can change form and become useless for any pur- 
poses of sentient beings. All matter is charigine- 
It k changing in the Sun; intense beat must 
change or continue to change what it feeds upon; 
other suns are growing and waning^ and, &b suns, 
arc bein^ blotted ouL I^ke all other thinj^s in Na- 
ture, they are fulfilling a mission, and eventually 
reach the end of all created suns-— <leath. Worlds 
are growing older ;ind altering their a^nditions. 
Comets come and go^ hut eventually are being 
swallowed up. The final end of all must be so 
much nearer with every moment of time. Our 
Sun-system is an immense organism^ adjusted with 
precision to do its mumcntous work, but when 
that wotfc IS done — let it occupy millions or bil- 
lions of years, if reed be — it is finished; and so it 
is and must be finite. The Universe will run dowrt 
because there is nothing to lead us to believe that 
in its nature it was intended to be eternal* 

Conoluaion of the Chapter. — These few points 
about the Visible Universe arc named simply to 
fiu^est what interesting and far-reaching 
thoughts must occur to the mind of anyone who 



ABOUT THE STARS ig 

looks up into the stj^ at night and reflects wliat 
is going on before his eyes. There \s an mcalcu- 
lably immense but finitt Visible Universe ; it is as 
varied in detail as is all other created things with 
which we arc acquainted ; it is performing a finite 
mission, which ajme day wiJl be fulfilled, and h 
will cease. We do not know what other creation* 
may foUow, bat this creation, which wc now 
know of as our own loca.! Universe, will wind 
up its career after the plan of its Author. 

With this to show the scope of the theme of 
a^iitronomy, let us late up some of the variou'^ in- 
teresting things connected with a closer study of 
the *' beautiful stars." and Icarn facts about thcmj 
many of which arc far removed irom guess-work 
or " probabilities," while others are. in the nature 
of the case, assumed to be true. As to many things 
we can stand on safe and certain ground, and on 
others wc have the right to surmise, and to contin- 
ue to gather new knowledge as time goes on. 



CHAPTHE II 
The Progress of Astionomy 

WMt the Ancients Knew. — It is a good place 
here la speak bnedy of the steady, though often 
slow, profiress of astronomy as a science since the 
earlieat human races. What did the former 
world-ifwi'llers know of tbe other planets, of the 
Sun, of the far-away stars? How much were they 
interested, and did they by searching, or gues&ing 
leam anything worth their tr\o\v\n^^ 
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The Bible is not, perhaps, cvfn 3£ to its oldest 
bookf, rhc mo5t ancient publication in the world 
as to many astronomical f;tcts» yet th^ book oi 
Job) whicb tnay be older than Genesis^ speaks oi 
the constellations as if iticy were perfectly well 
known. " Canst thou bind the duster of the 
PleiadeSn or loose the bands of Orion?'* was asked 
by tlic Lord of Job," as if Job were well ac- 
quainted with these constellations. " Seet Him 
that makcth ihe Pleiades and Orion/' said the 
prophet Amos.t ' ^^^ the stars of heaven and 
the ci>n^tctUiif)ns thereof shall not give light.'j 
said Isaiah/I I 

The Magi were astrononiers and star-gazere, 
Thej' were Chaldeans, and we know, not only 
from that fact, hut from other more certain 
sources, that the more ancient Chaldeans^ who 
were among the earliest-known civilized nations, 
studied astronomy as a science. Chaldca bi^an its 
rise as a nation about B. C. 2400^ when Nimrod, 
*' the miphty hunter/' set up his kingdom on the 
barks of the Euphrates. This was 9O0 years before 
the time nf Moses, It is said that Callisthenes, 
who accompanied Alexander the Great ( B. C. 
356-323) to Babylan, sent to Aristotle, of Greece, 
from that capital a series of astronomical observa- 
tions that extended back to 1903 years previous to 
thar date, or ta B. C. 2234. The^ic observations 
were recorded upon tablets of baked clay. The 
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Chaldeans early discovered the cycle of 223 luna- 
tions (lunar monfhs), at the en J ai which time 
the moon returned to sndi a positHm rh;it die 
eclipses wpre repeated in the same order as before. 
They studied the eclipics and recorded them. 

The Et[jpriaiis have a hrsrory whfch go<^ back 
almOKt to the time of the Chaldeans, and, some 
bdicve. iar bcyund it, TItcy, too, cultivated as- 
tronomy. They knew the EJog Star (Sinus) and 
eaJled it by name — " Sothis." They began their 
year with the day when Sotliis rose at the same 
time as the Sun, nnd recogniied the fact that in 
exactly 3*'1 day^ it did not aeain rise with the 
Sun. but was a quarter of a day latci by which 
they understootj that the true year was 365 I-4 
days, and this they called the true, or Sothic, 
year. The Sothic ryde — when the Dog star 
again would rise exactly with the Sun — was of 
1461 years, and this they celebrated by a great 
^ea«t. To pTcivc thi^ tnjp they mu'st have had 
records extending over that lon^ period, Herod- 
otus, the Greek traveler and hJiitorian fB. C 
484-424), rel!.? u^ that " the F^yptians werr- the 
first to discover the solar year and to portion out 
its course into twelve pnrt^. To what extent the 
Pyramids u'pre " squared and centred " in accord- 
ance with esnct astronomical facts is too much dis- 
piitrd a subject fur us Hi enter ui>"iii, lull it is cer- 
tain that the Egyptians were learned in this 
science, as they were in many other copnatc 
adences. >, 

But the Chinese claim to havL excelled all oth- 
er ancient rations in accurate star-?;a2mc. *' Ot 
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thirty-six eclipses reckoned by the Chinese s: 
Confucius " (B. C. 350-478), " no less than thir- 
ty-one have been proved true hy modern astrono- 
mers," But Confucius lived ar a late age in 
Chinese history. Certain " astronomer* royal," 
Hi and Ho, whn lived Ahnui B. C- 2J ^o. hn\t had 
their tragic iate described by mary Chinese writ- 
ers. It was their duty to give the ting timely no- 
tice of eclipses and other remarkable heavenly phe- 
nomena. They became drunken for a season and 
so neglected their duty. An eclipse of the sun oc- 
curred which they failed to predict, and the re- 
ligious rites which ought then to have been given, 
to appease the anger ci the gods, were not per- 
formed. These astronomers were seized and sum- 
marily ejfecuted. The ^artiest precise Chinese ob- 
servarions which are useful to us date from B. C, 
1,100^ and are surprisingly ^iccurate. Alter some 
2»50O years of observations, as noted in their an- 
nals, the Emperor in B. C 221 ordered all as- 
tronomical records destroyed, and from this period 
Chinese knowledge of the science declined. The 
few records that tlieti escaped tile flames make 1%H 
wish that all had been preserved. ^| 

We do nor propose to follow up what was writ- 
ten by the Greeks, Arabians and EuropeanSj dur- 
ing the ages intervening between the " Golden 
Days of Greece'* and the Sixteenth Century, be- 
cause our object is chiefly to show how early men 
became proficient in star-eazinp. Homer { B. C 
900?) called tlie Great Bear by tha.t name, show- 
ing that the constellations were well-known to 
the earliest Greeks. Thaies {Jdott: B. C. 640) 
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was'tJic earliest Greet astronomer, and others fol- 
lowerf rKosp reputariors wpre great in rheir day, 
Hipparchus^ (about B. C. 160-125) was greater 
than any \vho name before h'un, and Ptolemy 
(whose obsrni'atfons covered a period from A. D. 
127-151)* ^^'ho copied aiter Hipparchus^ being 
hhnself not a remarkable observer* but a man of 
great learning and keen insight into astronomical 
facts, received the credit of having written more 
that contribiJfeil to the wnrhl's krmwlnlge <►( the 
science than any m.in down to the SiJctecntTi Cen- 
tury. In fact, between Ptolemy and Copernicus 
CH73"'543) 's 3 gsp of thirteen and more cen- 
turits, when almost nothing new was learned con- 
cerning the heavenly bodies, 

Copernicus was a plain but thoughtful monk, 
and he if was wdio first took up in earnest the idea 
that not the Earth» but the Sun» was stationary, 
while all the planets revolved around that orb. It 
was he who gave impulse to a theory which some 
of the am'ifnt.'i iinagincd, hut did injt know, and 
with him dates all Teal progress in modem astron- 
omy. 

The Fundamental Error. — Up to the bme of 
Copernicus, i\k funJamentaJ mistake of all die 
leading asfrnnomers wa^ that the Earth was the 
centre of our system, and that the Sun and the 
five known planets and all the other stars reivolved 
aroun<i it. It was an accepted fact thai the Earth 
was a flat plain^ extending north, south, east and 
west, to perhaps immeasurable distances, and was 
fixed on fmraovahle foundations; and that the 
Sun, planets and stars wetc p\acci utax 'fes.'^'ia'&w 
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to give it light, and, in the case of the Sun, lieaC 
A moveless centre of dlL thin^, ami everything 
f rested rn serve the Eanhl Some had tauglit, in- 
deed, that the Earth was a ^here, but this was 
n(>[ the aizcepied doctrine. Copemiizua altered the 
docrrine. Ir tock a long time to root itself firm- 
ly, but when Galileo (1564-1643) ai>d Kqiler 
( [57'-i('Jo), and /inally Sir Naac Newton 
(jb42'i727), came into the field oi scientific re- 
search, the result was duly accepted, and from 
that rime forward astronnmy became a stable and 
approved science. Their day was the beginning 
of Dur real knowledge of tlie wonderful things to 
he learned from the midnight skie^. 

Invention of tlic Telcicope. — The invention of 
the telescope, or at least its practical application, 
was due to the genius of Galileo. He heard 
(ifio8) chat an optiVian in HoUsnil— and we 
now know it was Hans Lipperahey, a native of 
MiddelburE — had hit open a combination of 
lenses through which objects far away could be 
brought near, Lippershey hiid, in fact, applied to 
the government for a patent, but it was not is- 
siied.J Galilen seized the idea immediately, and 
in a day's time made a rougli telescope out of two 
sprctadr-^l asses and an old organ-pipe. It had 
two lenses, one convex and one ror^-ave, and mag- 
nified just three times! That was the first tele- 
scope- He ne^I produced one to magnify dgl 
times, and finally one to magnify thirty-c^^'o time 
With the last inatrumcnt he saw tfie craters of tj 
nuion. the pliases of V^enu?, four moons circliij 
^routid /upiter, and curious, riu£-shaped Satui^ 
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He also obstrvcd the spots on ihc Sun^ and re- 
solved some portions of the Milty Way and stars. 
Persecuted by his church and obliged to ircant, 
with health brokcuj eycsipht gone, and the victim 
of lotiy; imprisunTTipniH lio died av the agp oF sevirti- 
ty-eightf leaving behind a glorious namc^ and one 
which the whole world has since honored. 

A charming lecturer and a wonderful student, 
Galileo was in all respects a rcrmarfcabU man. 
Those who go now to Florence in search of me- 
mentoes of the lives of those whose nimes are im- 
mortah invurirtbly seek out the Torre del Gallo on 
the hill, two miles out of the city, and there siaJid 
upiJn U'hflt ^ppms tn he lioly ground. The yery 
telcsco|3e with which he looted at thr heavens h 
still nne nf the Trrasur^fs of th<* hinisf in which he 
lived, and from the tower of which he made his 
observatians ; whilfn nearby, 19 the house where he 
spent his l^t days in quiet aiul (n total blindness, 
waiting for Jcatli, and where he received a mem- 
orable visit from the pott Milton {\n ib^H). 
His ^-ive IS in the "Westminster Ahbey *' of 
Florence, the church of Santa Croce- 

yincc the dajs of Galileo the telescope has been 
enlarged nnd improved rwn-hiind red -fold. In- 
stead of its magnifj'ing thirty-two times, the pow- 
er has been as high» in some cases, a^ six thousand 
times, althoufih the latter is rot the successful 
power with which to loot at the stnrs. or even the 
moan. The maj^ifyintT power magnifies currents 
of air, as well as the object viewed, and even the 
great power of one thousand can rarely be used 
because it distorts the viision. 
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When the great reflectar of the Earl of Rossc, 
af Parsonstown, Ireland^ was constructed in 1842, 
with its focal length ftfty-four feet and its glass 
six fret in diameter, it was supposed that rhe acme 
of mechanical ingenuity in the production of large^ 
telescopes had been reached. No such large re-^ 
flectHr has ever been made since, and will not be 
made again, in part because it has been found 
that refracting telescopes — those by which the eye 
looks directly nr the m^piified ohjecT^ and not at 
a reflection of it in a mirror — is better adapted 
the usual modern methods of stellar reseafct 
The largest refracting telescopes in the world are! 
one in Paris, 49 inches diameter and 192 icef in 
len^h ; the Verkes telescope oE the University of 
Chicago at Williams Bay, Lake Geneva, Wiscon- 
sin. +0 inches in diameter and 62 feet in Icnath; 
and rhe Lick telescope in California, of 36 inches 
aperture, But many others from 25 to 30 inches 
aperture arc quite as successful in achieving; nt 
and important tnowledge, year by year, and, i 
deed, day by day, of the far-away stars. 
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CHAPTER III 

PItc Important AstTonoinicftl Tiuths 

Fnndamental Facta. — In order to understand 
and appreciate what: we shall say, further, as to 
the cnormovis distances, varied m!lsf^c.^ and distinc- 
tive peculiarities of the far-off stani, it is netessary 
to be acquainted with certain fundamental iact^^ 
tvhich every astronomer telies upon to-day as well- 
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ascertained truihs, Tliat there are such known 
facts, apart from any accomparying gu«s-worlE, 
everybody w [10 thinks for a. moment upon^for ex- 
ample — the subject of eclipses, knows. In no oth- 
er way could eclipses be determined than upon the 
ba^is of the exact knowlcdpc oi the motions of the 
moon and Earth with all their eccenrnViues- The 
fact chat the Earth does not travel at one rate of 
speed around the Sun; that sometimes it is has- 
tening and then blowing up on its journey; rhat 
its orbit is not a circle; that the moon in its orbit 
pursues the same kind of variation; that the or- 
bits of the planets are not perfect circles ; that the 
planets affect onc^ another by gravitation : alt these 
and other causes for influencing the mutiun of the 
Flarth and the other planets must be taken into 
consideration and exactly calculated. But they 
are calculateiJ: the rt^ults are deiinitely ascer- 
tained ; there are no mistakes made. 

The navieator takes his Nautical Almanac in 
hand, and, by ascertaining the proper location of 
the stars, learns where his ship is. He finds these 
calculations made for him years in advance, and 
he accepts their facts as absolute verities, and such 
they are. One hundred years from now — a thou- 
sand yeiirs from uan — nn eclipse of the sun or 
mnnn wfll occur on a certain minure which can 
be predicted to-day with absolute accuracy. With 
equal accuracy the times Df the transits of Venus 
over the Sun*s disc, which occur only twice in a 
ccnturvt arc noted and the facts verify the predic- 
tions. Hence we know beyond any dispute at 
least some precise thini^ about our Solar Systeco.^ 
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and ii i^i thi^i cprrainry of knowledge which forms 
the only basis tor extenUing our knowledge be- 
yond the Solar System. ^m 
The five facts alluded to axe the iollowmg: ^M 
I. That the velocity of light has been definitely 
a>ccrtalncd tu be abuut 186.360 miles per second, 
or aboor b.(X)o,ooo,*xxJ,ooo miles per year, ■■ The 
itiL'ChtJii by which this wns first known is a moat 
interesting one. It cdiisisccd in calcnlatinp to 
certainty when the moons of Jupiter shcp ' bel 
cclips<?d, their exact periods of rotatiotir-i .avini 
been first ascertiiined ; and then, by observing th( 
differenL^e between this calculation and the reatl 
moment of ccliiJ^ a:? yiflibic to the eye through 
the TelevnpL", rhe velocity of light was proven. 
Ruracr, a Danish astrunoiner ( it^^-iyio) , dis-^ 
covcieil this Jil^crence in iij7^,and at uiice ailiil 
iited it to rhe lime rhar it required light to pas 
from Jupiter to the Karth, In other words, hoj 
realized that he did not sec the eclipse at the mo'l 
ment it occurred^ but later, when the actual light 
from the purtieulnr moon which was being eclipsed 
a** It passed into Jupiter '5 shadow, reached his cyc^ 
Rompr thought that this delay amounted t< 
( when the Earth was the farthest away from Jup-] 
iier) Li\eniy-fwo iiiiniiTes. Hk ohservariona 
were not as exact as those which arc made now, 
but he had the correct idea and was not far astray. 
In vflriinis other ways it has been proven since that 
lights which is the quickest messenger in the Uni- 
vcmc^ travels about 10,000 times as fast as the] 
Earth tntvi-Ts in it*; orbft: that it requires ab 
minutes and iH seconds for light to travel 
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the Sun to the Farth ; anil rhis knowlcdgr is a 
mof^t important factor in maimg any precise caU 
culalion upon uhat Is coing on cither within or 
withoar the Solar System. 

2. That ihc Sun is approsimaiely 93^000,000 
niilcs fr*jn] the Erirch, Prohahly the muit accu- 
ral calcubtTons ^ive ihp dfsMnre as 92,874jOcxi 
miles. This has been measured by what is termed 
the wUr parallax^ which has been verified, so far 
a<i <;sible (bur not wiih much success)^ dunng 
the . t two transits of Venvis, atid has been still 
bettfr vrrified, umlfr one of KeplerV Iriws, by the 
ascertained distance of Mars. To get an idea 
of the di.srance from us to the Sun, it is only neces- 
sary Tu su|!t;i^t liiiw long it would take tn travel 
to that orb upon an express train going day and 
night at thirty miles an liotjr. The time rnjuired 
would he 353 years. At two rent'i 3 mile one- 
way fare the journq', made in ^uch an express. 
train» would cost Si,36o.oix>. Had one started 
on a journey in T55;!, just preceding the reigr of 
Queen Kiiznbctli, and had he lived so long, he 
might have reached the sun this year (l9055- 
This Sun's Hhtfince k the astronomer's "foot- rule" 
for mea-^urina space. Without a knowledge of it 
no star-d [stances to points in the Universe could 
be gfluijed, 

3, That the weights ai the Sun and planets are 
not ncuudin^ tn iheir Efppiirrrt miis-^. Volume 
docs not determine mass. The Sun's density is 
known to be only onefourth that of the Earth, 
To many h will seem incredible that the weighT of 
the Sun, or any distant planet^ ot eve^ <^i *kA. 
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Earth can br asccrtHJUcd ; but, marvcUous as thi' 
may he, we do Icnow the «art siV.P and weight ofj 
the Earth, and can appro?timaie very closely; 
Ccj the sisc and wcighi nf tlic Sun, 
and Co the other members of the Solar Sys- 
tem. The mass must be Hrst determined, and, 
thpn, the force (if gravitation by each body upon! 
the other being ascertained, ihe rest is a matter of 
simple calculation. Even when the density cannot 
be determined, the mass may, Tlie density of the 
stars is a difficult matter to conjecture, much less 
calculate. We ItnoAV, however, that the Sun's 
'na^s is 330,atxn times that of the Earth; rhat its 
real volume is ^300,000 times that of the Earth. 
The Eanh's weight is 6,069,000,000.000,000,- 
000,000 tons and the Sun weighs i,9iDj278,070,' 
000,000,000,000,000,000 tons. Mercury is onc- 
fifrh denser than the Earih; Venus is less than 
nine-tenth? a^ dense; Jupiter one-fourth, and 
Saturn one-eiVhth as den^- The weight of ea£|||^| 
planet h.^t hepn aimputed. ^B 

4. ThiC gravitation is inherent in all matter 
and by fixed law- Everything on this Earth i^s 
held down to its surface by the strange, unseen^^B 
yet powerful gjip of gravitation, without vhich 
the apple would not Jail to the ground, nor eould 
men in Chinn wait with their feet toward the f 
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of the men in America^ both t^oin^ along \vi 
equal ease. Gravitation ii one of (he most power- 
ful, mo5t evact and most mysterious influences in 
Nature. Every planet attracts c^Tr>' other ph 
ct ; every star, everj' other star ; every atom in I 
Visible Universe attracts every other at( 
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'* There is no known distance Co whiizh the attrac- 
tion of gravitation extends," say the aacronomers^ 
althciii?!i gravity ]oo!;ens irs hold in a compound 
ratio as space separates one material body rrom an- 
other. The distance between our own Solar Sys- 
tem and the '* Hxcd " stars is so great that the at- 
rnittion hetwren tliem may be for ail practicable 
purposes almost an infinitesimal one, yet the at- 
traction exists, andf if the Sun were not moving, 
so as to overcome such attraction, it would hasten 
toward the nearest attracting star. Sir Isaac 
Newton first discovered this law, and its truth has 
been proven in numerous waj^ since. So plain a 
matter as the relation of the moon's gravitation to 
the Eaith's tidc^ was a uiysicry until Newrons 
law was revealed, and then it became clear 
enough. Julius Caesar Icncw in his d^y. as we 
gatht-r fmm his aca)unts nf his first expedition in- 
to Britain, that the moon affected the tides, and 
so did the ancients long before him, bur just how 
they did not correcrly conjecture. Without the 
law of gravitation, there would be utter confusion 
in the Solar System and in all other s>^ccms of 
star?;. 

5» That every' planet and every star is in mo- 
tion anil must be in order that gravitation toward 
other bodies may not cause th^ir destruction. The 
motryn of the Kanh is swrtl enough — nearly 19 
utiles per second— to carrj' it on in its nearly ar- 
cular orbit around the Sun, yet the attraction of 
the Sun keeps it in that orbit. The two forces are 
mutually counteractive. It has been calculated 
that so exactly do these two iorces corres^nd 
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ihar, in the crmrse of 2,500 ycars^ the earth fs only 
one-sixty-sisth oi a second behind it* time in its 
annual rcvolvilion, a difference caused by ridal 
friction; and this shows the marvplau* cxacrnpss 
of the laws of Nature^ designed by a Crearar who 
makes no misiakcSn Let hiin who will suppose 
this h a marrer of chancej the thinking mind will 
sec in it a law laid down by an omniscient and 
omnipotent Lawgiver. His laws are so bcautiiul 
and so exact that the stars in space are never likely ^_ 
ro collide except by His ii\^d purpose. Every ^B 
planetary orb and cyrry star must move, nr there ^* 
would be constantly the ^'wreck of matter and the 
crush of worlds." Long before it could be an- ^m 
nounced as a proven fact that tin* stars are in mn- | 
tion, the discoveries of the law of motion in the 
Solar Svsteni kd inevitably to the belief that all 
the " fived" ^^xars must alsn be in motion. The 
fact is also probable thpt all the stars rotate on 
their a?yes, but there cannct be. at present* any 
proofs of this, beyond the fact that it seems to be 
a law of our system. 

These forcgping five propositions, which we 
have called fundamental tnitht, by no means ex- 
haust the primary facts whfch will throw light 
upon our study of the phenomena of celestial geog- 
raphy and celestial man/ds. Rut. perhaps^ I 
are sufftcicni {or ou^ present purpose?. 
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CHAPTER IV 
Star Distances and MagnitudcB 

Distance to the Bri^hteat Star. — Copernicus 
thought tiic stars were at " an infinite distance "' 
from us. But with our measuring rule of the 
Sun 3 distance in hand, and with our knowledge 
of che philosophy of lighi, we may ascertain, at 
least with some near approximation^ how far off 
the nearest oi the " fixed " stars arc This very 
night as rhese lines are wriffen, the writer ha* 
been looking at an exceedingly^ bright first magni- 
tude star in the southwest^ hitherto alludcJ to as 
woll-lcnown to the ancients — Sirius, or the Dog 
Star. It is a white star — bluish-white — and fa to 
our eyre the brightest lA all the stars. The plan- 
ets Verus and Jupiter are, at times, apparently 
larger, but 35 these planets shine only by borrowed 
Uglily they are in reality much less lustrous to us 
than SiriuSj which gives out four times as much 
actual light as any other one star visible m the 
Northern Hemisphere.' We shall refer again to 
Sirius, but now what of his distance from us? 
Being the brightest, is he not the nearest of the 
" fixed "star^? 

The reason there was long a desire to know the 
distance of SItius from the Earth was not only 
because he was *io (apparently) near, but because, 
if we had this measure, wc might possibly gauge 
the distances of other stars approximately as 
bright. The stars of the first ma^itude are few 
in number — from fourteen to twcnt>', according 
t" different lists — and only a pan ol v\wsc w.^ *v&- 
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ible at one time; not all oi them at any time in the 
United Slates, Naturally chcK grcatcat stars, as 
they se^ra to us to be, are the ones to which the at- 
tention of astronomers would be iir^t dim:ted, 
and in which, cciCainlvH casual observers would 
feel mo^i interest. 

Formerly astronomers believed, that Sinus was 
the nearest to us. We now know that this is not 
cnie. How do we know? Simply because, by ob- 
taining what is called his parailax, it has been 
found that lie is three times further sway tlian at 
least one star now believed to be the nearest. 

This matter of obtaining a parallax on any 
* fived " 5tflr is exceedingly difficult- To obtain 
the parallax of Sirius the astronomer accurately 
observes the exact place in the heavens whpre Sir- 
ius is, say to-nieht. The precise location and an- 
gle in the line of sight is noted. Six months hence, 
when the Earth is on the other side of the Son, 
186,000,000 miles from where it is to-night, an- 
other similar observation is taken, and one-half of 
the displacement is used as the basis for measure- 
ment. This tremendous base-line is not yet 
far enough to discover any alteration whatever in 
the position in the hesven^^ of mow of the stars, but 
in the case of Sirius it will be founri that he has 
moved a sufliciein amount to allow of a calcula- 
tion. Dne allow^ance has to be ma^ie for the prop- 
er movement of both Sun and Earth in the mean- 
time tlirough space, and also iot the proper actual 
movement of Sirius; but after this is done, and 
the angles are computed in connection with the 
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knoim length oi rtie base-line, it i^ simply a prob- 
lem En Ingocometrv lo figure up his liiacancc. 

The same rhinp; can be done or the Earth it- 
self, to ascertain distances between the observer 
and some ptiint within his range oi sight. For ex- 
ample, ore may determine the angle of sight 
from one's house to a tree several miles distant; 
then walk tu another point, say half a mile away, 
to another house, measuring exactly the distance 
between the two points of observation, when an- 
orher angle is taken. Then, taking half the lifs- 
tancc of the base-line as the displacement, it can he 
ealculated to a fraction whether the tree is one, 
two, or five milps off. If only the base-measure- 
ment has been accurately made and the angle 
measuteiiients are CQUiiUy accurate, the result will 
be certain. This method of measurement is taught 
in all the college text books. 

Now, in the case of Sinus it was, at first, not 
easy to secure a true parallax. It was founJ to 
be very far away for such a purpose. But at last 
It was ascertained to be something, and that s<ime- 
thing was a trifle less than four-tenths of a second 
(o-:i9") : An e\cecdinely small amount, but 
enough ioT rakiilatifin. FiE,Tinrg on that basis, 
Siriuswas detennined to be approximately 528,884 
tinea farther away from us than is our ow^n Sun, 
Thi-s means th^t his distance, when expressed m 
miles^ is about 93,874,000 multiplied by 528,884, 
or 49,648,456,616,000 miles. In round figures, 
fifty trillions of miles! 

Measured by liRht-years this means that when 
we art looking upiJti Sinus wc wt ^i\a.\.^\a\ \vttV*ai 
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it is to-day» but as it was over eight 
Traveling at the inconceivable speed of 186,360 
mil« a second, his light has taken S.b years to 
reach lis. Or, to put it another way. an ejcpress 
train going at thirty miles an hour would require 
i88)9at,o67 years before it could take a traveler 
iuifu the earth to Sinus. 

Immense beyonii all conception as this distance 
is. It is but a trifle conipatcd with the probable dis- 
tance to ?yjme of the fainter *itar5. The truth is, 
the vast majority of the stars are so distant that 
they defy distance measurement. Had we tele- 
scopes sufficiently powerful to detect in them a 
dciinitc movement in the course of six months, or 
even in the tuursc of fift> years, their distances 
might be measured* That such distances cannot 
be computed is not the fault of the rule, but be- 
i:ause of tlie vast spHce between rhu^e stars and 
our own system. We are sure that Sirius is no 
nearer than has been named ; he may even be twice 
as far awa^^ since some of the astronomers de-^ 
clare the>' have found his parallax to be only 0,l6'WJ 
which is the amount assumed by that recent clcrcr** 
writer, Sir Richard Prnctor, in his Our Flare 
Aitu)*tg the inftnitics. ^m 

Does not this preliminary survey of the positiO^| 
of the brightest star of the midnight ^ifcies make us 
astonished and compel us to wonder, beyond all 
p<iwcT of language to e?tprcss it, at the tremendous 
heights and depths, and lengths and breadths, of 
what wr call space? It is aurcly beyond human 
reach '>r fathoming^, except as mere fiE^res, whi* 
convey Utile meaning to the mind, express it. 
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Disttmce to the Nearest Star, — We liavc said 
that Sirius \vn^ not the nearesr known star. Three 
others are nearer, and only three, !K> far as has 
yet hern ilcmoTiscraifcL The nearest star is be- 
lieved to be Alpha Centauri, which is a star of 
the Southern Hemisphere, and which is calculated 
to be lit the least twcntj-fivc and cne-half trillions 
of miles ^way (25,546,488,716,340). No astron- 
omer now fi:ces it at a less distance. Liffht takes 
4 years and 4 mnntlis to reach us from that star- 
But an express train going at thirty miles per 
hour would lake a hundred million years to reach 
it. The st^ir 61 Cygni and a star in Ursa Major 
(the Great Bear) are each somewhat further off, 
but nearer tliiin Sirius. Profwsor Ncwcomb well 
represents the distance to the nearest star by ufr- 
inp this illustration: *' Represent the orbit of the 
Farth aroimrJ the Sun by a lady*' finger-ring. 
Then the nearest ' fixetj ' star would be about a 
mile and a half away/' 

DifltaBoe to the yarthest Star* — If these appal- 
ling distances take us only to the nearer stars, 
what 15 the measure nf ?paee to thwr farthest 
awayi' Thi'! no one know?. Most stare below the 
fourth mafmiiude seem to be, as a rule, too far 
off to have a paralla.y:. The apparent diminution 
of maEm'lude, therefore, is believed to imply act- 
ually increased distance. So the astronomers lay 
down a general averai^e of star-distarce about as 
follows: The average first maenitude star is as 
far off as requires lipht 15 1-2 yesrs to reach ns; 
second magnitude, 28 years; third magnitude, 43 
years; and so on to the twelfth rfli^\to\iic, 1i>'V;*i 
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years, ll is certain there arc comparatively 
stars at a distance beyiind Those of tlie twelfth 
magnitude, becau&e dose searchfngs of all parts of 
the heavens revcQl a paucity of stars of greater 
magnitude, and no such amount of star-light as 
shoultl come from invisible stars beyond. If this 
be true, it implies that hercj in the tcrrilcjiy of 
twelfth magnitude stars, is the beginning of fhc 
borderland bet^vccn the Visible Universe and a. 
^fcnt void. 

Such a conjecture gives, then, as the mean di«^^ 
tance in any direction toward the beginning of the™ 
Jiriitf end iif the j^Iurles of the heavens around 
liS, 20,566,360,080,000,000 miles. This must be 
doubled for the full extent of the Universe, if our 
Solar System is anywhere near the centre of ic,5 
because this caieulation can be for only one direc- 
tion. Double this number makes about forty-one 
qufldriltion^ f»f miles. 

It is scarcely likely that a telescope will ever be 
constructed whidi ^^ill permit js to secuie a par- 
alias, and so even approximately measure off the 
space that lies between us and those orbs whose 
light tomes (o us in faintest measure from itc 
farthesit-ofF portions of the Universe, It is at tl|^H 
least certciin that if most of the apparently amaU^f 
er-si/fi! stars cniikl be hloctcd cut of CKistence to- 
night, they wxiuld continue to shine and twinkle 
to human eyes for several thousand years hence. 
This simply mcanii that it would require such lon^^ 
periods for the light of the destroyed star to £naj^^ 
ly reach our Earth, ^H 

li we assume that there is an outermost rim to 
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the Visiblt^ Universe, we fcnow [Jiat long before 
we might reach tbat point our own Sun would 
be absolutely invisible to the naked cyc^ since in 

SiKe and Tadi-inti? the Si[n^ which sliines upon lis 
daily with sueh wonderful lustre and brightness, 
only taiiLs aniodg many of his fellows of tht first 
niagninide as a third nr fourth magniCuHe star. 
The Sun IS really but a child in size compared 
with some of ihc monster suns in the Universe- 

The distances of the stars, then, are beyond 
what the human minJj as now constituted, can 
apprrh^nd. As Ttf r. Pnirtor has wril said : '* As 
reasonably might an infant hope to pour out the 
waters of the ocean into a hollow, scaoped with 
his rU}y fingc^rs in the saiid» as man rn picture in 
his narrow mind the length and breadth anj depth 
of the abysses of space in which tiur Earth 15 
lo^t."* 

Magnitude of the StarH. — " One star diifereth 
from anotljer star in glory," Xc is so to the naked 
eye: it is far more so through the Cclcscnpc. 
'* Mat^nirude.'* as the word is used by astrono- 
mers, is a misleading term ; it oufjht to be applied 
to real si^.c. but as used in the textbooks it means 
appan-nt size. Very early fn the world' j^ history 
— at least as early as the time of Hipparehus — the 
stars were classii7ej into firit. second, etc.. magni- 
nides, up to the sixth, which latter represented the 
smaller 5iars that were visible to the averap^ 
naked-eye. Ptolemy matie the earlicsit catalogue 
of stars that has come down to us (following that 
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'if Hipparchiis, w!io had prcvfously catalogs 
th^m about B. C. 125) and he gave the number 
as 1030. The next cataloEuc, made in the Fif- 
tecnch Century by a Tartar astmnomcT, whose 
name ^vas Ulugh Beigh, gave 1019, and the next, 
in the Sixteenth Century by Tycho Brahc (1546- 
1601 ), a Dan^h astronomer, gave ifC»5, These 
nambem were small compjtrc^i with the real num- 
ber visiblcj because (be obiservers could not take 
obsen-atione from all the view-points of the Earth. 
The more commonly used recent star-cafalogucs 
show the fotlowing to he the number of stars vis- 
ible to almost any eye, to 35'' south latuude; 
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Pickering, the astute Han'ard astronomer (stiir 
living), ba^ counted and charted 4,260 stars vis- 
ible tD the naked eye at Cambridge, Some very 
keen eyes may see stars of the seventh magnitude, 
but these are usually classed among the telescopic 
stars, A verj' iew stars have been classed as of 
the sLxtcenCh ma^itude. 

The above table shuws thnt finm any one point 
on the Earth's surface, the actual number of vis- 
ible stars^ i$ seen by the average person^ is cori-' 
parati'vely smaiL Prob^Iy about 2,000 stars ap 
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all that are usually visible, and 3,000 would be an 
outside limit ior the keenest eye. 

It will alvt be observed chat the number of these 
stars increases as their apparent slkc grows smaller 
and smaller, and ihis average increase is about 
three-fold. Ba^ed upon thi^ seeming law nf in- 
crease it car be readily calculated that there 
skiuM beabcmt j iS^fiSS, 4.915 srars nf thi- sixtcciiili 
magnifude, which are the smallest-sized stars vis- 
ible in the largest telescopes. Addint^ them all 
togpther fr would indicate that tl>e Visible Uni- 
verse mipht conFain about 178,033,1 1 1 stars. But, 
as stated, the stars thin otit amazingly after the 
twelfth niflg;niEude, and sn ii is bptrevetl that one 
hundred miHions may be the utmost limit of all 
tlic visible stat^.^ In this connectinn it i^ of inter- 
est CO note that the largest star catalogue published 
in one chart was first prepared by Artrelandcr, a 
German astrnnomer ( 1795-1875)' Tins, as later 
extended by Schonfeld, containB 457,856 stare, to 
which must be added enough charted in the 
Souihein Hemisphere by Gould to make some- 
thing like 600,000. Tiie great bulk of all the 
telescopic stars have never been charted. 

As has been hinted, there is no certain rule 
agreed upon among astronomers to detenu ine 
whether a star is of this apparent maj^nitudc or 
that. They do not agree upon the proper scale. 
Some exceedingly fine instriunents have been con- 
structed for the express pnrp'iJ^c of iihtainin^ a 
gau^e-basis, but still the question of what size and 
brightness^ combined, shall constitute a so-called 
certain magnitude, is aiv operv Qt\^ 
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When we come to the question oi teal magni- 
tude, apart from what Is appsircnt, that presents a 
difTerpnt and much more difficult problem. If the 
distance between the Earth and the ?tar cannot be 
told, even approximaidy, real magnituJc cannot. 
But, given the probable distance, and given the 
distance between that star and another star 
around which it revolves, or which revolves 
around it, and^ their velocity being also known, it 
15 possible, under the computed force of gravita- 
tion, to figure the mass. For cAample, it has been 
demonstrated that the star Algol in the head of 
Medusa {a variable star, having a velocity of 25 
mfles an hour) has a companion only 3.210,000 
miles from it, with a velocity of 55 miles an hour; 
and thai Algrd's diameter is 1,061,000 miles, 
about a fourth more than that of the Sur, but 
v^i'th a mass only four-ninths of the Sun's mass, or 
nhriift nnp-third nf rhe iTenjifty ui water. We 
evidently have in Algol a star in a. state tending 
far more to gaseousness than the Sun. 

Are many of the *;rars larger than our Sun? Are 
many of them smaller? These (lueslions must be 
answered afRrniativcly. " One star diffcreth from 
another star in glory," and this applies hotii to 
maEjiiludc and bnphtncss. There are stars several 
rhnui^and times the size of our Sun ; there are stars 
not a quarter so large as the Sun. But to ascertain 
the c\act volume of any star is a matter almost 
impossible to do. Gravitation acts on ard from 
mass, not size, and the calculation of the massea 
of stars are based upon their gravital force, 
nhereas nothing except teVtscov"^*^ mti^sviTOTwrvtB, 
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iich cannot be maJe as to the physical body of 
thz starlit would be required to diBCOver volume. 

To illustrate the fact that the force of gravity 
depc?mls or dtn^iry anJ nor lolitme, we may refer 
Co the common test which woe firEt made by Gali^ 
Ico from the Leaning Tower of PiSa. He dropped 
from the top nf the tower two weights^ one ten 
times as large and heavy as the other» and^ as both 
came to the giound at the same instant, it waa 
proven that gravity mates no note of volume but 
simply of density. The atoms of the iron were 
alike in btnh ma'v'ics and sii were equally attra( ted. 
Another illustration is that of the planet Jupiter^ 
whose mass is but ^^17 times that of the mass of 
ihe Earth, akhrm^h its vnlimn' is ijog rimes that 
of the volume of the Earth, Jupiter's power of 
gravitation has been proven not to equal the num- 
ber of times of its actual si?;t* over the si/j^ of the 
Earth, but is only in proportion to its actual moss* 

Accordingly, the inaw of a star may be ascer- 
tained very closely, but yet the question of its vol- 
ume may be an open one. If a telescope could get 
at the exact disc of a *rar, then irs volume mieht 
be computed, but the disc of a star can rarely or 
never be accurately viewed ; whether from the in- 
tensity of its own light, and its distance, or be- 
cause also of the conditions of our atmosphere, the 
(act remains that moat stars twinkle to the cycj 
and a1^ hnv^ that uncertain and indeterminate 
glare about them which precludes definition. This 
is so as to the disc oi Sirius, the apparently largest 
of the near stars- 

Nevcrthclcss, wc know thot tUer^ att ^U. 4t- 
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grccs of volume, and all dcercca of mas 
stars, and as ro tlie great bulk of those wliicli are 
so far away, no one can affirm which is the larger 
and which the smaller with any nicety. Like their 
number, their rnie magnitudes are usually sealed 
from human knowledge. But it is known that 
stars of ihc class of Sirius and Arcturua, arc. as 
compared with cur Sun, enormous in volume 
(Arcturus is nearly as bright as Siriusi and yet is 
at least twenCy-t^vo times as distant) , while others 
approximate more nearly to the magnitude of the 
Sun. J 

As lo the relative brightness of the stars, thtiH 
English a^troTiomer, Mr. J. E. Gore, reports in 
January, i90!i' m a result of his various and most 
recent caU-nlation!*, that Polaris ^s, 27 1-2 rimes as 
bright as the Sun; Aldcharan 3*1 times j Cjipella 
12S tLEnc^^ Rc^Lilus 642 times^ and Aicturus 4^6 
times. 

Star Constituents And Temperatures. — The 
spectroscope shows that the constitueniE of the 
stars are usually very much like those of our Sun. 
Tn the white stars it is apparent that these constit- 
uents are more attenuated, in the yellow star^ 
that they are vejj similar to the Sun, and in the 
red stars that they sre more condensed. About 
el eve ti- twelfths of the stars show a spectrum more 
or less like the Sun- Tlie Sun is hrlirved tn rcinsisf 
of various vapors or gases, compressed together ^ 
the force of gravitation. The denser, cen' 
mass is surrounded by a radiant envelope of 
densed metallic clouds, floating in an aCmosi 
a/ £-}owing gases^ These gases are believed ' 
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cooler than the mass within, because oi their 
contain wirh ihe coldness ot ouicj space, which, 
whatever that is/ would be the temperature of 
our Earlh but for its internal heat, and the fact 
that our atintfiphere acuTimulaEesi an*i retains the 
rays of the Sun. The temperature of the Sun itself 
has been computed to be 18.000 degrees Fahren- 
heit. Some oi the ttars mu^t have a temperature 
very much hotter^ and others very much colder, 
A writer has recently suggcsled that radium, 
the new substance which has been found in such 
infinitesimal quantity that one ounce of it would 
hr worth $it(Xxt,ooo, and which maintairs its 
own temperature without combustion or chemical 
change, and with no perceptible decrease in ener- 
gy, might exist in suffinr-iit tiuantitj' in the Earth, 
and, for thai matter, in the stars, to furnish in- 
ternal heat for an almost indefinite length of time, 
but too little h known of it to make this more 
than giiess^vork> 



CHAPTEIi V 
Siiius, the Dog-Star 

General Facts About Siriof. — Since Sirius is 

the brightest known star in the heavenSf and has 

Teccivcd as much attention as any one of the stars 

of the first magnitude, some word? upon tiim in 

addition to what has been said may be instnicttve: 

It seems to be certain that Sirius i^ a Sun still 

young'* as to condensation, and, because of his 

norc attenuated condvtiotv^ iTom. \,CiCft \» '^if^fti 
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times larger than our own Sun- }ih light, how^ 
ever^ accordirii^ to latest ( 1905) estimates^ is only 
33.4 times as great as. the Sun, and, if it could be 
massed as solidly together as the main body of the 
Sun, ii is thoughr thai his mass wtmld nor exceed 
four and one-fourth times the Sun's mass. Yef, ii 
he could take the place of the Sun, at the saoMH 
distanc(T from us, his light and heat (if thirty^l 
three times that of our Sun) would, destroy every 
creature upon the Earth at once. Life here, animal 
or vcijetable, would be out of the question. ^| 

Homer speaks oi the splendor of Sirius " when" 
new risen (rom the waves ai ocean," and all the 
astronomers and poets of the ages since have re- 
ferred 10 his beauty. By many it has beer supposed 
that Sirius has changed color since the days oJ 
the Greet astronomers, a matter which will be 
referred io presently. Hcsiod (about B. C. 735) 
first mentions him hy name and connects him with 
the " Dog-days." The so-called " Dog-dayi " were 
anticndy supposed to commence twenty days be- 
fore Sirius rose with the Sun and end twenty days 
after that date* In Hesiod's day the " Dog-day^ '^ 
bct:an on July 3 and ended on August 11, but 
now Sirius does not rise with the Sun until a few 
days after the " Dog-days'' are past, owing to what 
is called the Precession of the Equinn\es.^ The 
Egyptians worshiped Sirius under the name of 
Sothis (and other names), and represented him 
in hieroglyphics as a man with tlte head of a dog. 
They ascribed to him the inundations nj the Nile. 

If our Sun wCTC placed where Sirius is, ho^iL 
would he look to us? This has been carefully cnaf 
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puted, and it is found that thr Sun would not be 
visible to the naked eye eXL'ept as the merest point, 
being 6.2 in magnitude. Were tKp two alike in 
density and their surfaces eqiiaJl/ hrillianc, then it 
would mean chat Sfrius would have 2'ij( times the 
mass of the Sun. Trs greater bnltiancy^ therefore, 
IS due both to his real volume and more intense 
glow. 

The brightness of Sinus is so great that Sir 
William Herschel tells us tha.t when thai star was 
about to enter the field of view of his forty feet re- 
flector," the light resembled chat which announced 
the approach of sunrise/' and, when it entered, 
" the star appeared in all the splendor of the rising 
Sun. so that h was impossible to behold it with- 
out pain to the eye, " 

Eaa Sirina diani^ed Color? — ^As has been 
stated, it has been popularly supposed, even by 
astTDromerSj that Sirius has changed color since 
ihc earlier days of his history. The ancients apcat 
of him as a " Ted '* star, but we now know he is of 
a bluish white color, although changing in shape, 
accordinj^ to whether wc sec him throueh the dear 
air <»f fhe i^ppcr *iky nr ihe d^nT^rr air nep-r the ho- 
rizon. Seneca ( 13. C. 4 — A. D- 65 ) sayy his redness 
was more marked than was the case with Mars- 
But it \<i believed that Sirius was usually viewed 
when near the horizon, where even now it often 
happens in Southern Europe, as with us, thai bis 
color to the naked eye seems ruddy. The better 
opinion seems to be that his color has not really 
changeJ to any appreciable extent within any His- 
toric period. 
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There arc some stars, liowever, ifiar 
chajige in lustre and in color. The star Mira in 
the Whale IS yellow and then becomes white, and 
again relapses into yellow, but ihis change is 
periodical. If Sinus has changed, it is a permanent 
change, which is unlikely during so short a sldcrial 
period o^ 3,000 year* from anything we know of 
the constitution of stats. Jn time, to be measured 
by nijllions of ycais, subsianiial changes must oc- 
cur; changes that would alter both the amount of 
light and heat and, therefore, the color; because 
each star is believed ro have irs growth from whit^H 
heat to th? cooler glows of yellow and red, ^M 

Sin'us is not only briEhi, not only immense m 
size, a ^* giant amung the suns,'^ but he ha,s a near- 
rraveling companion -5 car of the tenth magnitude, 
ftral detected by reason of the irrc^larity of his 
own motion. This companion was not seen until 
found in iSbz by Mr. Alvin Clark's powerful 
18 1-2 inch n^fractor at Boston. Its position had 
been determined theoretically four months earlier 
by an American astronomer, Mr. Safford (b. in 
1836) , and Its finding wa.« ;i splendid proof of thf 
close calculation that learned astronomers can 
make of unseen heavenly bodies whose attractive 
forces rhey are able to cnmpure. The calculation 
was based on the uneven motions ot Sirius him- 
self. The companion is called a "close com- 
panion,*' but still is about two billions of miles 
from Sirius. It revolves around Sirius in aboir 
fifty-three years, and is closely equal in mass 
our own Sun, i. e., one-fourth the mass of Sf 
it is partially a dark body, but still may sh" 
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part hy its own lis^t. When it cools off sufficiently 
to make a planet and contracts to thr size of our 
Sun, what a gigantic planet it will be, of ncarlv a 
million milca in diamcicrl That it is quite 
s dark body is cerrain, since in ilie great Lick tele- 
scope it IS barely visible^ whereas had it the bright- 
ness of most of the siars it would be plainly seen. 
In the course oi ages, as it gtows to be a dark 
planet, it will pB5s away wholly from human sight. 

Not only do we know of this " close compan- 
ion " of Sirius, but fiv* other companion-stars have 
been seen each comparatively close to Sirius, per- 
haps thr least of them at present exceeding our 
Sun in volume, though also nearly dark comppn- 
ions. It would ?ccm as if here is a system of dark 
suns, ^nmc at least revolving around Sirius* and 
all revoking around some common centre* 

A gTrat sun like SinuSj with at least six dose 
companion-suns circling around it, or circling with 
it, would naturally, according to our human way 
of thinking:, be the centre of a system of many real 
planets. But dark bodies, shining only by re- 
flected light, although of the size of Jupiter, can- 
not he seen at the distance of Sirius by any tele- 
scope yet manufactured. The whole starry heavens 
may be more full of planetary worlds than of 
stars, but to no mortal eye are they disclosed hy 
any apparatus that has yet been invented. 

The motion of Sirius through the heavens, 
which was announced first by Hallcy (1656- 
17+2) in 1718, has been calculated with much ex- 
actness. He is at present moving southward and 
westward, and also away, from out systecc^ at 



about 33 miles per setonJ. In tlic linr of sight he 
i^ receding about 19 miles per second. To mate 
this ?w']tt apparent motion appear to us, however,! 
Ut ^TiiLiLtiit ro as ninth ss ihc space of rhe mixin'i 
dianieccr. would require 1450 years, so that it is 
easy to be seen how little the heavenly bodies ha.^ 
moved on the visible face of ilie aitics since the b^i 
ginning of the Christian era. 



CHAPTSU VI 

Binary, Multiple and Variable Stars 

Single StB^n May be Doable SlftrBn — The pi 
ceding chapter has prepared fhe reader for some 
knowledge of those great ma^^'els ot the hcavcns» 
the hrnary (double), the triple, tht quatlruple, 
and other multiple systems of 5utis, Our Solar 
System has hut one Sun- Possibly must uf the star- 
systenis consist of one sun. and then (a^ ive doubl 
not) of many planetary worlds; because most of 
the stars appesr to be isohiteJ. But nor sri all. We 
have seen that Sirius has in his system a number of 
other and darker suns. There are systems similar 
to his, bur in general they are of everj' tind of 
variety in numbers and composition. h 

There are many of the stars which arc single tofl 
the naked eye, and no one would judge them to he 
other than solitary stars. They ^ine and twinkle 
like burninE points of light. But the telescope 
solves those points into two or more stare. Miaar, 
which is the middlcr star in the tail of the Gi 
Bear (in the " handle** oS \\veX)\^^eT.a&^wj^la^l 
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\y callcii) can to a vciy keen eye be seen to be 
liuuHlf, though to many eyes it is one single scar. 
In ar opera-ebss ic is pEainly double. In a large 
telescope it is found to be triple, 

A srar in Aurig;^ [s reallj- two stars, separated 
by only 7.500,000 miles. They cajinoC be seen ex- 
cept as one e;eii in the bi^r [dcstupcs, but tile spec- 
tniaeope proves they are separate stars. They are 
traveling; nearly 70 miles per second around a 
common centra and the period of revolution is 
onJy about four days. Each star is heavier and 
larger than our Sun, so tliaC the speed they travel 
in fheir t losed orbits is terrific. Spica, in the con- 
stellation Virgo, is a wonderful double^ the two 
being only 6,000,CXK> miles apart, and making a 
rev'>ltiti«n fn four days. There are at least io,O0O 
apparently single stars, which the telescope shows 
arc composed of two or mure stars each, and this 
only takes us to stars of the tenth magnitude, as 
those of smaller magnitudes are irresolvable into 
binaries, etc., by tfie largest telescope made. 

The binary stars either revolve around each 
other, or around some unknown centre of irravity 
far away, m definite periods, which, w f;tr as 
known, vary al! the way itom li 1-2 to 1625 
years> Their orbits arc sumtlimes very elliptical. 
There are orher double stars which are not ^en at 
all as double in the telescope, but are known to be 
50 by the changing lines of the spectrum. In other 
words, the speetrcflcope may show the existence of 
two large bodies as composing one star, when to 
the tcl^escoije the second star is wholly invisible. 
This will happen, of course, only when the invia- 
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ble star com« between us and the visible star, 
abuts (jE a portion of the lattcr's light ; or when 
the two stars are sf> near togethpr tliat, wliile the 
telescope cannot resolve them, the spectrum shows 
that one part of the apparent single star body is 
moving in one direction away from us and the 
other part in another toward us. The spectrum 
shtiws orbital niofion, if approachine or receding, 
and bv it not a few binaiy stars have been proven 

to CTClit. 

There are (wo kinds of binary stars: apparently 
double, and actually double. One star may have 
no relation to another, hut be in the same line of 
sight. Tr that case ii is called apparently, or '* op- 
tically/' double. The other class is actually double- 
In the densest portions of the heavens In the 
Milky WaVj inhere '* star lies on star/' there are 
numberless optical doubles. They are in such clus- 
ters of hundreds and thouhands tliat kI our dist- 
ance it is impossible tor some not to be practically 
behind others in the line of si^ht, though just 
enough separated to the telescopic view Xa he seen 
to be double. Binary stars usually revolve arovind 
each other, or both around a common centre, This 
condition of things is unknown to our Solar Sys- 
tem, but we must expect to find many things dif- 
ferent in other parts of the outside Visible 
Universe. Jupiter must have been once a ^mall 
sun revolving around our own Sun, and the Earth 
a still smaller »un, full of lia^t and heat, and 
lighting up OUT moor. Conditions change; every- 
thing in the Universe is changing. The hcavcul 
bndifs are in different stages of co^niic State, 
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the Nebular Hypothesis be at all correct, we must 
be prepareil for all sorts of divergences in rhe vis- 
ible orbg in «pac«. Separations and Eegregation? 
must be endless in variety. And sucb the telescope 
and spectroscope reveal [he facts to be. 

Triple and Multiple 9tara. — There are triple 
stars; stars that resolve themselves (like Mizar) 
into three separate suns. There arc quadruple 
stars; stars tliai r»oIv*^ themselves inrri dciuhles, 
and ejich of these into double stars. There nre 
sextuple stars i stars that divide into doubles, and 
each ui tbes<? intf* duubles, and then two of the 
doubles into doubles: a marvelous transformation, 
au rely, 

[r musr be kept in mind that the relstions of 
these stars to each other are not always clear. 
Tlity are nor always physically connected in one 
system. But when so connected, and supposing 
them to have various worlds girdling them, how 
WDnderf ifl ft must seem to the inhabitants of those 
worldsl Sometimes two suns will appear above 
the horizon, sometimes three, perhaps even six at 
one time, each of varying si/.e. When all arc 
above the horizon at onccj the Hpht and heat may 
be what to us would he insufferable; yet stidi may 
be their distances that on the whole such light and 
heat would not be esccsaivc even tor beings like 
ourselvc*. 

Groups of Stars. — What is still more startling 
fs that one !iysTem of ?itflTs — an immense system, of 
course, as compared with our small Solar System 
— may be composed of not two, four or rvcn six, 
but hundreds of suns. Such a s^^^^^^ ^ «\VA »- 
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'^ star cluster." " Th^ are colleclionSj" says 
authority, ^'often on the ^andest scoie, of sunlikc 
bodj'es Mnall and large, united m origin and his- 
C0T7, acted upon by identical forces, tendi 
toward closely related ends." 

Such IS the wonderful group of the well-kno 
Pleiades. Everybody Icnows^ or ought to know, 
"seven sisters" of the Pleiades* tKc same men- 
tioned by Job, and which have probably not 
changed their position to the naked eye one parti- 
cle since his day; although it is believed that at 
least one of rhem (Plcione) has increased in lus- 
tre. The Hindoos thought they were the centre 
of the heavenly "Universe and the abode of Dei^^_ 
On November 17, when the Pleiades wa^ '^^^^ll 
head at midnight, *'no petition was ever presentee^ 
in vain to the ancient kings of Persia." Savage 
tribes in various lands and islands of the sea bave 
held these stars in peculiar reverence. Among the 
seven chief stars of the Pleiades, the telescope 
shows a star duster whose richness will scarcely 
be believed by one who has never seen ir. In this 
star clusteFj by the combination of the telescope 
and pbotography (photography gathers in on a 
sensitive plate stars not visible in the telescope to 
the eye) 2,326 stars have been counted, and with 
nebula intermixed 1 

The Pleiades is probably nearly K500,ooo,cxx),- 
000,000 miles from us, and the light we see from 
its stats, to-night, probably left those luminous 
bodies 250 years ago! Tliey seem small because 
of this vast distance, and yet Alcyonej the brig^t^ 
est of the seven chief stars, is probably i 



ABOUT THE STARS 



55 



as brIUiaDE: as our Sun, Electro 4.B0 times, and 
Mflia 400 times. Sirius, himself^ is belEeveJ to be 
small in actual bna^itncss compared with the Jive 
chitE memhers of the group. The other 2.OOO and 
more suns of ttie duster are all smaller, but many 
or most of them are larger than our own Sun. 
This is all inconcHvablt, uf tiwiise, anJ yet thp 
Pleiades is nowhere near the rim oi the Visible 
Universe, for, as we have seen (in Chapter I) 
rhat mu^ir he many rimei farther away, 

Ac present there are about 500 of these star- 
clusters Jinown to the astronomers. They arc of 
all ?i2es, and, as to component parts, of all num- 
bers. Some look throu^ the telescope like flocks 
of birds, stretching out to a considerable lengthy 
but narrow in width ; some are almost round, like 
a bunch of beads; acme have clusters withiji clus- 
ters. In the constellation Hercules, toward which 
some astronomers believe our Solar System is now 
iiioving;i 13 a cluster once estimated by Sir William 
Herschd to contain 14,000 stara, but now be- 
lieved to really contain about 4,000. From one 
side to the other of the cluster, the disrani'e is 
aboui 558,000,000,000 miles ; light would require 
thirty-si:^ days simply to cross it> while it takes 
about sis:ty-five years for the combined light of the 
cluster to reach us. Each star, if uniformly dis- 
tributed about this system, would be ten times as 
far from any other as our farthest planet (Nep- 
tune) from our Sun. To the inhabitant of a world 
situated amid six of the largest stars of the group, 
these suns, if above the horizon at once, would 
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have a lustre much less than our own Sun 
upon the Eartli, because oi these distances- 

One of the stars in the coni^tellation Centau 
is A fourth magnitude star, which Sir John H 
sdn'l.when using his large telescope at the Cape of 
Good Hope, descnbed as a "truly nBtonjshing ob- 
ject. All dearly resolved into stars of two magni- 
mdes, viz,, thirteenth and fifteenth^ the larger 
lying in lines and ridges over the sinallet.' 
Another astronomer (Mr. Gvjtc) computes t 
it ecjutains 35,000 nars. One star to the nat 
eye — i-i.ooo stars m the teleseopel 

It is only too apparent from these facts, iha 
when the probable number of all stars in the Vi 
ible Universe {as visible through the most pow 
ful telescope) is fixed at not less than one kutulTe< 
PiiUion^, there is little likelihood of exaggeration 
in the estimate. 

Variable Stars.^Some stars are variablej 
is, they grow brighter and cKmrner ljy turns. 
was at first thought that this phenomenon 
always connected with the conditions of the 
stars themselves, hut inasmuch as our Sun, not-' 
with stand in jjf great fluctuations in its solar atmos- 
phere, gives forth, practically, the sanie light <^A^^| 
after day and century after century, it was deeuled^B 
that some other cnuse must be found- Some of the 
stars whose light thus changes vary from mini- 
mum to maximum brightness in the short period] 
of one day, or even less; others require nearly t^ 
years. Some appear as eighth magnitude stj 
(which are invisible to the naked eye) and then 
increase in brlHiancv to the first magnitude. On 
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the whole about 300 stars are known to be vari- 
ablp, and all of them — for no known reason — 
appear to he among the stars farthest away. 

The telescope cannot reveal the reason for this 
variableness, but the specrrosnjpe may slmw the 
presence of a smaller body revolving around the 
star and cominff between the star and the eye of 
the observer. It is rpally a star Pclip^F. The rea- 
Bon the same thin^ does not happen in the case of 
what are kno;vn ss binary stars, is because (he 
second star es also as brilhant, or nearly sn, ic the 
star which it might hide, should its revolution be 
in ihc line of si^ht, and, asain, most of rhe binary 
stars do rot rgvoluc around each other in the line 
of sight. What wc usually sec, therefore, in the 
ca^!* oi variable ^r^n, arp star eclipses. The nh- 
scuring body may not always be a totally dark 
one; it may be a sun partially dimmed, and bo 
somewhat darken the brighter li^hr. But in some ■ 
cases the body must be wholly dark; "cold, dead 
suns, * revolving around f>ther suns in the Hue of 
our vision, and yet often so swiftly, and so nearly 
in contact with the central orb, that it requires but 
twenty-fnuT hours to make a total revolution. In 
the case of many of such cJo!;e stars, it is more than 
probnble thar both bodies arc almost wholly b;os- 
eoiis, iLnd, then^fore. not real suns at all, hut stars 
in an early i^tage of sun-creation ; a fact seemingly 
proved by the sped turn. 

There are, again, some variahle stars that can- 
not be explained on the hypothepis oi darker bodies 
obscuring them in their revolutions- Their in- 
crease and decrease of light aie w>t o^ i^iSvci^R. 
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period?, and tlie lines of ihe ^pectmm show su 
changes in such stars themselves^ the hydrogen 
lines (conspicuous always in stars appnra mating 
the conditions of a gaseous body), bemg most 
prominent at the time of the ma^imiira bnlliancy- 
The conclusion naturally come to in such cases is 
that, from some unknown causes to us, the star it 
in a state of fluctuating internal excitement, in- 
creasing in brilliancy a hundred- or a thousand- 
fold on certain occasion?, and decreasing some- 
times as suddenly, but somctitnts gradually- Wc 
are now app maching, hower'er, the <iuhject of snlar 
conflagrations — " suns in flames," ob Mr. Proctor 
expresses it — and this will be noticed fn the next 
chapter. 
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CHAPTER VII 

Stai ConflagratiDna and Star Colors 

Doea a Star Bum ITp? — Ordinarily spcaldne 
no star could "bum up/' becau^, while matter 
may change form, it does not go out ot existence. 
No man mil an atheist dares (o af^nn that matter 
has always been eternal, but neither does the 
c:eoloeJst or astronomer aver that matter ever 
wholly dfs:appeani. In the case of the stars there 
js no evidence that one has gone wholly ont of ex- 
istence, but some have so changed in their external 
tight andj presumably, internal conditions, as to 
pass out of human vision. Combustion simply 
changes stmcturc; atoms are not dissipated to 
i/tter nothingness. No sia^ so h-i.z ^ vcc^mn*^ 



ABOUT THE STARS 



59 



can bum up and love a void. Vet to appcaranco 
they do burriH or rather ihey bunt out in some im- 
mense aJnflagraiion ubich is visible, flash out a 
beacon light acio^ the vHldemess of space, and 
then djaappear from ^igtit. 

The most remarkable case on record was a star 
of 1573, whUe three of the most notable recent 
ones were of 1866, i87&and igou That of 1572 
was observed by Tj^ho Brahe (1546-1600)- He 
saw it late in the evening of Nov. 11, when he 
found the country people gazing at it as he re- 
turned home from bis laboratory. It was then as 
bri^^t as Jupiter^ and he was sure it had not 
appeared there with such noliccaljlc bright- 
ness one hour before. It seemed to be 
of inslanianeous creation. It grew In a lew 
days to be a rival of Venus, and then larger and 
brighter than Sirius. For three weefcs-it so shqne, 
and WIS visible even at noonday. Then it grad- 
ually decreased, and in about fourteen months 
{March, J574) totally disappeared. '* As it in- 
creased in size, it varied in lolar; at first irs light 
was white and extremely bright; it then became 
yellowish ; afterwards of a ruddy color like Mara ; 
and finished with a pak livid white, resi-mhling 
the color of Saturn," It was in the cofistellation 
of Cassiopeia, and it was thought to have disap- 
peared forever. But asrmnnmeni now believe they 
have established its identity as a very faint star 
"still smouldering in the spot where it on« 
blazed." If so, if still varies occatiionally by one 
ma[jnitude, but it frequently seemii to be nebulous. 

The star of 1866 was noticed ba^ ™ ^^tvs^ 
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and America on May I3, and was of the second 
mafijiinidc, having probably increased five magoi- 
cudes in a few iioiirs. Tn (welve days more it had 
dwindled to the eighth magnitude. The 1876 
star was first nolrd at Athena, Greece, on Nov< 
21, and was of the rhird magnitude. It rapidly de- 
clined, and on December 15 was of the seventh 
magnitude. Revci^lng ihc usual order, this star 
bpgan as a golden yellow in color, then turned J 
white and finally bluish. Its spectrum was at firatfl 
like other sturs, and then bccacnc hke that o£ a 
planetary nebula. Ten years after it was first 
seen it was of the fourteenth mapiitude- fl 

Of the 1901 star, Professor Young oi Prince-" 
ton give^i this description:" "The most recent 
instance oi a new star, and one of the most 
remarkable, is that of the star which first ap- 
peared, probably on Feb, 20, 1901, but was first 
seen on the aist, having then about the bright- 
ness of the Pole-^tar. Plintogiaphs (if rhc 
region containing the star, taken at the Har- 
vard College observatory on general da^cs pre- 
vious and up to rhe lyth, show that on the igtii 
the star had not j'et appeared, or at least had not 
readied a ina^-nituJc above the twelfth. It in- 
creased in briphtnes^i at least 25,(.iQO-f£>ld within 
three days, and on the 32nd it was for a fe 
houri the brightest star in the heavens, Siri 
alone excepted, having attained very nearly the 
Ecro magnitude — the most brilhant Nova since 
Kepler's star of 1604- Its rise was extreme 
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and its descent waa also swifl a* compared with 
that of Keplers star, for ii faded rapidly, so rhat 
by the end of March it was scarcely visible to the 
eye" Subsequent obstnation? with the tele- 
scope showed that the star is of rhe nebulous 
variety, end Professor Young puts its dis- 
tance as much Farther than ihe nearer stao, and 
states thai it? real diamerer "must be at least 
1,500 time; the diameter of the earth's orbit l" 
Another astronomer ihinks the star is 30O light- 
years away from us. 

The dates oi other important " new '* stars 
hi rerent ye^irs are, iSoK 1^93- i^95 and iHq8, 
only the first of which was visible to the rated 
eve; they ail appeared on photofrraphic plates. 
Tliefr freqifpncvT ^ince rhe an of photography as 
applied to the heavens has come into such com- 
mon use, proves the instances of such stars arc 
not at all rare. 

Other similar £uddcn appciirances and disap- 
pearances of stars have been recorded, bcgmning 
with 134 B, C, so that there are at least twenty- 
five well authenticated instances of such tempo- 
rary stars down to the end of 1901, But it is not 
supposed by astronomers that all tTies* stars are 
lost to telescopic view, much lesa that their light 
has been totally extinguished. Ten of the in- 
stances occurred before the day of telescope, and 
the want of accurate star charts may furnish the 
reasiiTi for tiiir inability nnw to Jind some of the 
others. The only thinp proven hy these phenom- 
ena is that the stars do suddenly increase in lus- 
tre a hundred or a thousand -fold, and then relapse 
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to their orfginal conditicin, which may have been 
with a brighrnesii too feeble to be seen. 

Various causes for such unusuzd spectacles have 
been asaigneJj but all arc guesses. Some hold that 
these temporary^ stars are stars which have col- 
lided vrith some other large star^ (as Proiessor 
Bitkerson In Knowledge and Scieticc, Nov., 1904) 
or \^'ith some huge comet, and that the increase*! 
heat thus cngeridere<i caused the sudden illumina- 
tinn. Some suppose thai oenarn of thcrsc icmpo- 
TB.Ty stars encounter nebulous revolving masses of 
EBseous matter. Some thinlc that they are simpl7 
long-ppTiod, variJihle stats. Others ( Mr. Proctor 
among them) hold that the increasing light raaf 
be due lo the contact of such a star with an enor- 
mous stream of meteoric bodies^ the light dimin- 
ishing after the meteoric stream has pa?ised by- Be 
the cause what it may, these stars for the lime be- 
ing have had their light and heat so increased 
that they have neemcd to be *' suns in flamci," It 
can hardly be believed that these new stars are 
really new creations. The natural development 
of a star from a nebula (supposing it to be so pro- 
duced), is more j^radual than wnyihini; ?ipe(i in a 
temporary star, and then it would not '* go out." 
The poinc cf condensation of a star so formed 
would have firsir hn'ffhtened and hriiihrened as it 
contracted to a nucleus, and this would occupy 
ages of lime. All atar^ are supposed to act in this 
way in their normal condition; that is, slowly — - 
during millions oi years — carmng on a contrac- 
tion and continued combustion from v^uth to old 
age; then becoming dimmer and dimmer, and 
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eventually — but at a penod almost too remote to 
calnilatp — berummg surface-cold. 

Colored Suns- — The different conditions under 
which through the lapse of agea a star finds itself 
is probably the usual solution oi their varying col- 
ors. These colors are ccilainly not apparent mere- 
ly, but acrual. Colored suns 1 We scarcely realize 
how diverse arc the colors oi the stars, even a$ 
seen with the naked eye. Generally speaking, 
they look to be lemon -yell ow ; but some are readi- 
ly seen Co be ruddy, others bluish, others white, 
and 5tiII others orangp. Good eyes will see these 
differences, and %^'ill notice that Arcturus is red, 
Capclla yellow. Castor green, Sirius white, etc. 
Through the telescope such colors are still more 
numerous and decided, and aK of all shades ; 
and these widely divergent hues are most 
strongly noticeable in the double stars by concrasL 
In double stars, which to the eye appear of a fixed 
single L'olor, the telescope may show two stars, 
one white or yellow and another green; or one 
like pold and another lilac; or one red and another 
bluej and there are faun, mauve, russet, purple 
id olive stars. 

Do these colors appear because ol the different 
Lpori surrounding each star, much !■; white light 
seen through colored glass appears to be white, 
ereen, red. and so on, according to the color of 
the medium through which the light passes? Rail- 
way signab furnish an example of this- Is the 
real light of a i^tar always white, or yellow, but 
changed to out view by the external envelope of 
the 3tar? The general concWvm'a^MN.'tKfli^'ft'^*. 
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caac, and that the constituents oi the various real 
stars (stars iuWy massed as stars, anJ not merely 
in a gaseous condition), being much ilike. their 
real light must be generally uniform, while the 
enveloping vapors are vastly divergent- The spec- 
troscope shows some stars to have iron^ copper, 
cine, etc., in their atmosphere of vapora, and others 
not, and this would appear to prove that the Jact 
or addition of this or that component in thdr va- 
pors causes rhe different colors to be visible Co us. 
These colors must be just as visible, only more 
distinct and pronouncedj to any beings on worlds _ 
thaT revolve iiroiind such sr^r.^. It is a singular ■ 
thoui*ht that if there are other xvorlds with senti<™ 
ent beings on them, these beings must see their 
worlds lighted up by colored suns. The experience 
to us would be most unique. Take the case of a 
world ruled by several suns, as suggested in the 
preceding chapter. There a blue sun may he ris- 
ing and a red one settinfi at the same time; or a 
white sun be setting and a purplish sun rising; or 
two, three or four different colored suns be above 
the horizon at one time ! What sunrisci and what 
sunsets there must be amid such s(rani>c and cu- 
rious scenes as this I How varied must be the land- 
scape as it reHccts the rays of first one colored sun 
and then anorher, or a coinbinatlon nf different 
colored rays! The thought h only one of many 
that rise up in the mind, and tend to show that it 
may well be that stranger Rinries than we have 
ever dreamed of are to be seen from many distant 
points in the Visible Univcrac. Surely amid such 
phenomena there is an " infinite wealth of beaut/ 
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and variety/' greater in degree, though not in 
quality, than the variety we have in tlic flowcis oi 
the field, of which the Master Teacher said: 
" They toil not, neither do they spin, yet Solomon 
in all his glory ivas nut arrayol Kke on*^ ai these." 



CHiPTER Viri 

IJanies of Constellations and Stars 

Eavly Conatellationa,— We have already seen 
in ChapTrr 11^ tltat mure tli^ii two thousand years 
before Christ the Chinesie were engaged in astro- 
nomicai obscrvationan As a matter of course the 
Chinese must have named maiiy of the larger vis- 
ible stare, or they could not have kepr records 
concerning them. In the most complete work 
yet printed upon the Constellations,* it is clearly 
demonstrated that, long before the time of the 
Greets, the primitive constellations received their 
names, and T^at such names had Their origin with 
the Babylonians, 

The idea of most people Is that the consiella- 
tion^i were really made up originally from sup- 
posed iifceiiKses to the figures after which they 
were named, but a careful examination of the 
subject shows that in verj' few cases has this been 
the rule. The reliijon of the ancients was one of 
mythology, and in nriler lo carry out their mytho- 
togtcsd vieivs, constellations were made up with 



•PfimHtuf 0>wfl*llattBMs, t,f Robert tifouTi, Jr, : Lon- 
don, WUIiamdA Ncigmte, i&f^ a vols. 
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little regard to th* 



053 

I 

A. 

I 



actual appearance to ic 
the wants of this myrhologj-. For example, as 
Mr. Brown well aays; "ITie Sun hastens across 
heaven and eardi, and li^cs from and di^pfcars 
the earth and sea; he therefore strides, luns, 
gallops, drives, sails, swimst flies, chases the dswiif 
the tloud.s the miHHi, the stars, [s bom, gra 
up, loves, leaves, rejoins his beloved, shouts t 
arrow and hurk the ^pear. is an eye, a wheel, a 
shield, h wounded, rhom-pricked, poisoned, sick, 
leprous^ blinded, toils ^ fights, btiriiE, kills 
incnda and his enemies, dies, and is reborn 
endless life. And those phases are but a few, 
very few, of his personified aciivities. Thus, na 
uralJy, the Sun is personified anJ regarded as 
Shepherd, a Warrior, an Archer, a Lance^holder, 
a Hunter, a Giant, a Water-pourer, a Sailor 
Charioteer; or, again, as a Rain, a Guar, a Mors 
fl Lion, an Eagle, or a Fish." The relations 
all these constellations to the Sun, therefore, we 
nH)XC or less arbitrarily Jixed and the constel 
tions made up to match I 

There are now sixty constellations universalt 
and eighty-five t^iute genetally, recugniited, forty- 
eight having come down from the Greeks, and 
the others having been formed by astronomers 
since 1600, partly to embrace star^i not included 
in the old constellations, and especially to embrace 
stars near the Southern pole. Some lists give as 
many as one hundred and nine constellations, but 
the majotity of this additional number arc allo^ 
gctlier too fanciful to be rccog^iiscd by any b 
the most imaginative. 
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Vamci of rnnitrnitiMi Tt» 
are u£ually dii-ided inio ifaite dave^ ike Zod»- 
aca]» which are tfaooc throng «lKfc dc Sua 
passes in Sis anniul nKutd ; ife Nonhns, wlacfa 
are north ot thr Zodiacal list; and tbr Suuifaua. 

There is an oM Engli^ rb^mc wlvcfa ifcyi pv«s 
the name of the Zodiacal cMKtfltaOonf: 



b 



And uir ib« dah, ttc Lisa : 

Tlie Virata aad fke Eak«. 
Tin Seorptom, Ai^^« ^id H*-viMt< 
Tbfl ion dBl bean Oa nMEkvF>^ 

And ilw Piih viOi rf ItUcliic tuOft,* 

All these namej are suffidcatlf well undcr^tocNJ 

by anyone^ 

Their Latin names are the following: Aries, 

Taurus. Gemini, Cancer, Leo, Vireo, Libra, Scor- 
pio. Sagirraritni. Capricomusi, Aquarius, Pisces. 

The leading Northern amsteliationsT as given 
in both Latin and Engll^. are as follows ; 



Ursa Major. 
Ursa Minor- 
Draco. 
Cepheus. 
Bootes, 

Corona Borealis. 
Hercules. 
Lyra. 
Cygnus, 
Cassiopeia, 
Perecus, 
Auriga, 
Scipen tardus. 



The Great Bear. 
The Liide Bear. 
The Dragon. 

Ccpheus. 
Bootes. 

The Northern Crown. 
Hercules, 
The Lyre. 
The Swan. 
Cassiopeia. 
Perseus- 

The Charioteer. 
The Serpent Bearer. 
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Serpens. 


The Serpent. ^^^B 


Sagitta. 


The Arrow. ^^^| 


Aquila. 


The Eagle. ^^^H 


Delphi mus. 


The Dolphin- ^| 


EquLiteus- 


The Little Hone. ■ 


Pegasus. 


The Winged Horse. ^| 


Andromeda. 


Andromeda- ^M 


Triangulum. 


The Triangle. ^M 


Camelopardalis. 


The Camefeopard. ^M 


Canes V'cnatici. 


The Hunting Dog3<H 


V^ulpccula ct Aiiscr. 


The Fu\ ^md GooscH 


Cor Caroli, 


Charles^ Heart. ■ 


T^e chief Suud^cm 


con^lel[<Lticin!i are the fa^| 


lowing : 


■ 


C«us. 


The Whale. ■ 


Orion, 


Orion. ^ 


E Tills nus. 


The River Eridanus. 


Lepus. 


The Hnre. 


Canis Mfijor. 


The Great Dog. 


CaniH Minor. 


The Little Dog. 


Argo Navis, 


The Ship Argo, 


Hydra. 


The Snake. 


C niter. 


The Cup. 


COTVUS. 


Tho Crow, 1 


Ccnrauruft. 


The Ccmaur. 


Lupu5, 


The Wolf. 


Ara. 


The Altar. 


Corona Austratis. 


The Southern Crowd, 


Piscis Austraii\ 


The Southern Fi5h. 


Monoccros. 


The Unicom* 


^_^ Coliiuiba Noachi. 


Noah's Dove. 


^^k Crux AuiiTralifl- 


The Southern Croas, 
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Few penpip will hp able trj make nut tlip con- 
stellation-figures, wirhour studying thero by the 
aid of a gnoJ chart, where all the figures arc out- 
lined. 

positions of the Constellationa, — In order for 
a beginner to learn the chief constellations, he will 
naturally bepn with what Is the Great Hear, or, 
rather^ the well-known Dipperj ilic fnur stars in 
whichf making nearly a square, are in the body of 
the Bear, while the row of stars, making the han- 
dle rn the Dipprr. forms hi:* tail. The two nut- 
side stars of tbflt square are known a*^ the "point- 
ers," and point toward the Polar star. That Pole 
CTar is constantly u^ied by mariners and others at 
night in order to fird that point of the compass 
known a;^ north, The Pole star belony^i to the 
constellation known a? the Little Dipper, which 
h also as readily recosnized as the Great Dipper* 

On the other side of the pole from the Great 
Bear is Cassiopeia, or the Lady In the Chair. It is 
easily to be recognized from its three or four 
bright stan^> whji Hh by indudlni?; a star le*^s bright, 
forms either the letter W, or a chair. In ancient 
mytboloEy Cassiopeia is a queen, who is supposed 
to be seated in a larE;e chair or throne. 

In the Milky Way, eai^t of Cassiopeia, I'm the 
direction considered east l>y the layman), is Per- 
seus, whirli can be Tctrignized by a row of conspic- 
uous stars, extendin;^ alonp; the Mflky Wry. 
Above Perseus rises Auriga, the charioteer. 

A regular chart should be eonfulted to And the 
other constellations. We only note now that the 
Pleiades, or "Seven Stais/' oi w\a\c\\ ^v'r. «?: va- 
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ually visible to ordinary eyes, ajid with which 
everyone should be tamili&r, are in Taurus, the 
Bull. 

K&mea of the Star*- — The brigh«t stars were 
ad named by the ancients, for example, SiriiiSj 
Arcturus, Procyon, Aldebaran, etc, and while 
many af the stars were undoubtedly named, as at 
present calleH, by the Arab^^, arbors received cur- 
rent names long before their time. The twenty 
brighteat stara in the skyn known as iirst magnitude 
stars, and g:iven in their order of brightness, are 
the followinp: 

Siiius, in ihe consleliation, Canis Major. 

Canopus, in the constellation, Argo. 

Alpha Cantaur^ in the constellation, Cental 

ArctunLs, Tn the ionsrcllatinn, Bcmtcs. 

Rigel, in the constellation, Orton. 

Capella, in the cons fell ation, Auriga, 

Vega, in the constellation, Lyra, 

Procyon, in the constellation, Canis Minor. 

Betel gcusc, in the constellation, Orion. 

Aehemar, in the constellation, Eridanus. 

Aldebaran, in the constellation, Taurus . 

Beta Ccntauri, In the constellation, Centaur.j 

Alpha Cruris, in the mnstellatinn, CtTix. 

Antares, in the constellation, Scorpio, 

Altair, in the constellation, Aquila. 

Spica, in the constellation, Virgo. 

Fomnlhaut, in the constellation, Piscis Aai- 
tralis. 

Beta Crucis. in the constellation, Cnuc. 

Pollux, in the constellation, Gemini. 

Rcgulus, in the cousteUatioti, Leo* 
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The TiamF-meanings of some of these Ifuling 
star^ are as foilows: Sirius, from Siris, the Nile; 
ArctuniS, ^ardian of the bear: Rige)« foot; 
Capella, n little she-goat; Vega, tailing (eagle); 
Proc>'on, preeursor do^; Aldebaraiif the eyt of the 
buU: Altair, the bird; Spica, aa car of wheat; 
Regvlu?!, chief, etc. 

Other prominent stars* not amorg the twenty 
named above, are; Algol, ihc monster; Mj-ra, 
wonderful ; Mizar, a girdle, etc. 

Astronomers at present are not using, however, 
the star names which were farmerly in common 
use, but others, upon a plan designed by the 
celebrated astronomer Bayer of Augsburg, Ger- 
mfl.ny» about 1610. He made a set of star- 
maps, in which the individual stars of each con- 
stellation were designated, first, by the constella- 
tion, and next by the letters of the Greet alpha- 
bet. To the brightest star in a con*itdlation the 
first letter fdf<h<i. was given : to the ne\t briEhicst 
star, beta, and so on. The constellations them- 
selves were given their usual Latin oames. H in 
any case the Greek alphabet was exhausted, the 
Latin alphabet was nevt employed. The Bayer 
system is stilt used as to all the stars named by 
h[m. But as to most of the telescopic stars num^ 
bers are used corresponding with the numhers 
laid down in certain charts, for cxamplej "La- 
lande, zijoo," '* Gtt)ombridge. 1S30,'* ere. 
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CHAPTBR IZ 
The Music of the Spheres 

motion Everywhere, — All the stars move. We 
IcQow ol none within chc range oi surface-obscrva- 
tlons in our own Solar System which do not re- 
volve upon their axes, and wc know that all stars 
wicliin rnnj^e of mea%urtTricnt are rushing forward 
at great rapidity through a deiinite orbit, Ir oth- 
er words the whole Visible Universe is instinct 
with llitf. Life always means motion- Tn this 
world, plant life and animal lite cannot stand 
still; llicy move forw^ard in gtowth and to some 
^xeA goal. Light, sound and heat follow this 
Reneral law ot motion. The light that wc see 
fiotn a star tn-night is not vfsiMp rn-morrow 
night, nor even for a th[ntable fraction of a sec- 
ond after the present moment ; it is hieing on with 
overwhelniinE speed toward nuTermcwt sjiace. 
Sound moves forward in waves, on and on, to 
be lost only on the shores of the far-away. The 
Sun moves, and the whole Solar System wfh 
him, and every star under the skLcs is moving 
through the — shall wc say infinite? — ether. 

This is what, pprhaps, we may understand by 
the sentence in the Bibles that at the creation '* the 
morning stars sang together." Thii is the " mu- 
sic of the spheres.'* These millions of orbs ard 
planets mate no noise to human ears, but wc arc 
not sure that to cars seraphic there may not be ^h 
*' concourse of sweet sounds " of infinitely sweecdH 
chords than in the grandest production of a Beet- 
hoven. If this be whoUy ima^Tvary. ncverrhelew 
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there is the constant motion and in all conceivabl* 
dircctiuiii, and the thought involved in it is over- 
poweringlv glorious. 

This fact alone furnishes reason enough] for the 
tijighty ili^if-Mitcs ihiii dwijestar from star. There 
must be room for these great orh^ to saving them- 
selves lindisturbed by the attraction? oi other 
spheres, ard by other systems of spheres, and rhere 
must he the minimum of chances ot collision. We 
do not really know that any orb has ever crashed 
into another since man has been Lpon the Earth, 
and there are no calculations made thai make it 
probable that in the next million years any one 
star now m!ihing on its couree rhrou0;h fipace may 
come in contact with anothen The distances 
frum star to star and i^yitcm to system are too 
vast to make the "chance" a likely ore in one 
case out of a billion. There is an immense diver- 
sity as to the points toward which the various stars 
arc tending and in their rate of speedy but all 
seem to he pursuing their course with plenty of 
space, and, what is of more importance by far, 
under li'ced law and so in absolute satety. 

Motion or Our Sun. — Whirher is the Solar 
System going? To what s;oal is our own Sun hast- 
ening? Is it moving around some other ccnttal 
body, whose attractive power is felt, but which h 
so far away as to be invisible, or perhaps visible, 
but unknown to us? 

Tt was once soberly announced by Madler, the 
German astronomer (1794^-1874.) that he had 
computed that the whole stellar Universe, our 
Sun and sj-stemj and all other alavb Wii ^^ViOTca^ 



74 



ABOUT THE STARS 



wtTt revolving around the star Alcyone in the 

Pleiades; and for a time it ^:aught the ptipular 
mind and was written up (n books and articles iS 
a probahle facr. But this was soon shown to b 
a baseless spenilaiion. His so-cal[o{| "proofs" 
were not endorsed by any astronomer, " If there 
be such a visible centre, around which our system 
moue^i, ir is more litely," say? Flammarion, who ift 
the greatest living French a.stronomical writer, 
" to be In the constellation Perseus." 

It is a difficult matter, indeed, to separate t 
motions of the stars tbetnselves from the motions 
of our own syatem» so as to indicate how much of 
the apparent motions of those stars are due ro 
5Ui:h real motions, and how much to the motiom 
uf out sysreiTi. However, the problem has been 
attacked with assiduity by different asfronomers, 
and it is now gericrally conceded tha? wt are mo 
ing — the Sun and all its planets— away from thi 
constellation Cohimbo, and either toward the co 
stellation Hercules, or to 3. point between It and 
the Lyre (the next ccnstellation ro Hereu3esJ, ar 
□ rate not exceeding l8 1-2 miles per second,' 
whiih means fi7,ooo miles per hour, 1.600,000 
miles per day^ and 568^000,000 miles per year. 
The line of motion is also not believed to be 
straighr, but with so transient a curve that, k has 
been conjectured, the re^^olution of the Sun tn 
^\'hatever may be its wonderfully long orbit could 
not he completed in less than some hundreds of 
thousands of years, ard at least one astronomer 
has aivcn It the Ions period of i3,200,ooo ycar^- 

The motion of the Suu \n t^i^ orhit U not quite 
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so swift, however, as the motion of the earth tn 
Its smaller orbir, nor equallbg that of Venus and 
Mercury, but it is more than twice as swift as the 
motion of Jupiter, 28 times as swift as the moon, 
and 56 times the velocity of a cannon haW, as the 
ioIlo\Hng table will show: 

The Eanh travels m its orbit, 19 miles per second 
Venn*; tnivrls in its orbit. . . .22 miles |HT second 
Mercury travels in its orbit- .29 miles per second 
Jupiter travels in its orbit- , , .8 miles per second 
Tha moon travels in its orbit. 2*3 miles per second 
The Sun travels in its orbit. . (perhaps) 

j8 1-2 miles per second 
Tbe Motiona of Other Stars* — Accurate ileter- 
minatkm ni thp exaii positions nf the *rars with 
reference to one another, so as to furnish a precise 
basis ior mcasuremcntf have only been made for a 
century and a half; therefore, the duta for leam- 
ing their real motions in ^ace are not yet suf- 
ikirnt to make us sure of the figures concerning 
even the majority of those which have been care- 
fully observed. Something like five thousand stars 
have betii ohsei^'ed carefully wirhjn tlie period of 
time named, but the published results of different 
astronomers usually disagree. It must be remem- 
bered that the merest fraction of the second of a 
degree in the heavens at a distance of trillions of 
miles makes a vast difference in all such calcula- 
tions, and star-rharts, without the art of photog- 
raphy, can scarcely be considered absolutely ac- 
curate. Such charts have been made on a great 
scalPj however, so that now, a*; has been ^rateri, the 
positions of some &oo>ooO stars arc charted, FKo- 
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tographv has recently come to the aid of the ch 
makers, and is noting praitions with an accuracy' 
which k unassailable, A hundred years from nowi 
the use of these pbotograpliic charts will make the 
calLulation of the motions oi the stars far less di 
ficulr than hererofnre. 

By the naked-eye it is doubtful if as many as 
twenty stars visible Jn the heavens in the days oi 
Job have so altered their positions th:;c snrti altera- 
tions would be noticeable to that Joy-astronomer 
were he now to visit the earth. No star has moved 
in one century to the extent of one-siviieth (if the 
apparent width oi the full moon, with posaibly 
two cMeptiajis, one of which is Arcturus, whicli 
has probably moved several diameters of the moon 
in 3,000 years. The vast majority have not shifted 
one-fenth so much. Of the swift flyers in the 
Universe, some eij;;hcy have been calculated 
making unusual speedy although their dist 
awa}' inakis this speed not cognizable to 
naked eye for centuries. 

While it is difficult for the reasons suggesied 
ascertain the real velocity of a £tar throi:gh spa^ 
until a sufiicient time has clapped for pbotograp 
ic observations many years aiiart to be compar 
yet the apparent rate of speed at which stars are 
approaching or receding from the earth can be 
closely und immediately approximated by the tell- 
tale spectrum, which ^i\ts these figures with 
marked fidelJtj'. It Is true that even then there 
are causes operating to give slifjlii variations in 
spectrum at different observations, but there is 
least never a mistake as to whether the star is a 
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proachiag or reteding from thf rarth, anil ibiuIIj 
the degree of motion can be carefully cooaputcd. 

[p the spectrum the po^don oi a ray depends 
Milely on thr wave length of the light. The long- 
er light'Waves are of red, orange and yellow col- 
ors, and ic has hccn iaan~clou<dy calculated [hat 
the red light waves number 422,000.000^000,000 
in one second of time; the shorter light-waves art 
llie ^recn, indigu and violet^ the violet being most 
rtimerouif or numbenng 702,000,000,000,000 in 
one second oi time. The shorter light-waves con- 
verge to^\aid one end of \\ir spctfnim and the 
longer on^^ towards* the other. Now it is proven 
that the rapidity of propres? of these trillions of 
ligljt'waves is eijaal, hui: [hey differ in numhers 
per second. Also that waves of light of an ap- 
proaching body arc shorter in the spectnim than if 
the body be srationciy. They '* gain/' ?^ ro speak, 
upon the point where the observer is. When reced- 
ing, they arc longer: they " lose " upon the ob- 
server. Soj when the light-waves of a receding star 
come into the spectroscope^ the colors of the one 
class shift toi;rther toward their proper end of the 
spectrum, and if of an approaching star they are 
perceptibly crowded toward the proper end of 
that dass. As one or [he other class crowds to- 
gether toward ore end of the sppctnim the story 
of the star's motion is told as no telescope can tcH 
!l 

The fact that a star is moving Coward or from 
the Earth at a certain rate per second only proves 
its velocity of motion in the line of sight, and not 
its actual motion in its orbit. To secure the lat- 
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tcr. observations b3' the telescope are of course 
recrssary, and bocl> rHesctjpic arnl spectrum resulti 
must be cGnsidered to ascertain the real irotion. 

One of the most interesting features connected 
with fhe morions of the ^^rar* is their unity^ or 
want of unity, of motion in their particular star- 
Eroups, Suppose, for instance* that we arc con- 
sidering the morions of the bright stars in the 
Pleiades, Shoidd they all be movmc; coward or 
froni u», and alw [n s certain orbical Jirtcclon* the 
ninclu*?ion i^ rhr»n almn^c Jrresii^tfhle Th:ir they be- 
long to one system controlled by one jjjavuai force 
and are nor isolated stars, moving In vaiytng di- 
rections athwart the heavens. Their actual rate 
of orbital speed may be immaterialf but it mates 
a great deal of difference as to whether or nor 
they move as one associated j^oup. Now, it has 
been found that such is the case with that group 
of stars. Not only do the leading stars of the 
Pleiades move together, and with such e>caciness 
that it has been impossible as yet to iktcnninc any 
difference in their proper motions, but it is ala* 
true of the larger number of the fainter accom- 
panying stars of the Pleiades seen only in the tele- 
scope. Should it be found that all the more than 
2,000 stars of the Pleiades belong tt> one tremen- 
dous system of suni» the thought of the glory of 
that system as compared with ours h overwhelm- 
ing. In this ?3mc connection it is interesting to 
observe that if our own Son should be visihle from 
the Ptciniles, which is quite certainly impossible 
(wccpt by a telescope), it would probably not be 
BKfi to be moving in the identical direction of 
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many other stars with which it might seem to b* 
tontiijuous; although some aiironomers believe it 
practically beiorgs to a gnnip of 400 suns in a cer- 
tain part of the Milky Way. 

The same thing is the case with five of the sev- 
en bright Stan of The Dipper, and with sa>rrs ui 
other associated atari m certain parts oi different 
con stellar ions, if not In whole tuns tell a! ions them- 
selves. They do move in groups as by a common 
impulse. 

The average moiion of the Lbicf stars, as shown 
by the spectrum, i. e,, in the line of sight, seems to 
he about so miles per second. Vc^a is approach- 
ine ar about the rale of 47 miles per second, and 
Procyon is receding at the same rafe, but other 
stars ran^e from lO to 20 miles per second. The 
real motions of nearly alt the stars, however, are 
much greater, the Sun's being only two-thirds the 
general average. It should seem (o us that the 
full rate of the Suit's speed of 1 8 miles per second 
IS not sJow traveling, but it is slower than that of 
hundreds of other star'* wh'ise a[Tpto>imate mo- 
tions are known. In the line of sight alone, Sirius 
was at one time receding from us at a rate exceed- 
ing -20 miles per second, and then approjiehing at 
a similar speed, showing that he had made a turn 
in his mii^hty orbit. Polaris, the north Polar 
star, is approaching at the rate of 16 miles pet sec- 
ond, but IS so distant that iti light takes 50 years 
to reach us. Artturus is supposed to be approach- 
ing us at thft rate of 55 miles per jjecond* an unus- 
ual rate of approach, but then Arcturus is the 
swiftest knowfi body in the Unwerw., tawj^tr^- 
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itcil with iourncying at the unprecedented pace of 
372 mi!es per second across tlie line of sight alone! 
Formerly the swiftest known star was that called 
"The Runa«-ay Ktar," or l8jo Gruombridgc^ 
wh'i5^ aLhinl velocity i?: e-^imatej at 2<X5 miles 
per second, or 720,000 inflt^s piT hour, wb'cti, says 
Prof. Ncwtumb, ii " a speed urKonitollablc by 
the combined attracrive power of rhe enrire side- 
real Univers^^." It ivould loikk almost as if Arc- 
turui and i8jO firoQmbridgc wcrp exceptions to 
other star& and were running a wild race toward 
the infinitudes, but we have no doubt that some 
unknown law holds theni to a definite, though in- 
1^ calculable, orbit. On the ivhole no .^tar is believed 
^f to be at rest, and it cannot be imai^LneJ that an7 
1^ cme of them could br at re>t under the laws of 
gravitation which control the Visible Universe. 

As to the periods of the revolutions of the stars 
in their orbits, it h3« been supposed that iSjo 
Groombtidee niicht require i8=;iOOO years 10 
complete the circuit of [he heavens, and a swift 
one in Cassiopeia, 340.000 years; and that stars 
of the tuurth, fifth and sixth magnitudes (to 
wliich our Sun eviiicnily belonEs) would not 
make one full revolution in thpir orbit under sev- 
eral million? of years, 

^^^b CHAPTKR X 

^^^^^ Everywhere I,Jfe and Dea.th 

^^ NebnlouB Matter. — " Nebula " k the name 

^k given to those fainl patches ot U^t which are 
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seen here and there in the sky. dnrfr. but by no 
means exdusivdj, in the Aliitr War. ilany 
inassc* of sccmmg ncbul* are resolvable, in whole 
or in pan. into stars undtr the iele5<»pe, or by tel- 
escopic photopraphy, bui others m totally irre- 
solvable. anJ are Lno\^n by their spectra to be 
gaseous. The b^t defuied one which the naked 
eye can sec is in .^dromeda, and it i* somctimti 
called the " Queen of the Xchulif/' because it has 
always been a beautiful and conspicuous object in 
the telescope. The andencs probably knew of it, 
but do noi mention il. We hear of ir, hisrorically, 
first in 905. when the Persian astronomer Al- 
Sufi speaks of it as a conspicuous object. Hallcy 
«iid it was " nothing else bur the light coming 
#rom an extraordinary ^rear space in the ether, 
thmuj^h which a hicid mejllum in diffused that 
shines with fts own proper lustre," Photographs 
taken in t888 showed that it was composed of 
concentric nebulous rings, and went a long way 
lo give stability to the theofy of Laplace that the 
various bodies of our Solar System (and suns and 
worlds in other systems) have been pvoIvfJ from 
rings detaching themselves from a rotating nebu- 
lous mass. The spectroscope, howcv'er. shows this 
nebula in Andromeda is not now strictly gaseous, 
but has gone beyond that state. The breadth of 
this nebula is conjectured to be .^ii^.OOO times the 
Sun's distance from the Earth, If this be true, 
it would require over five year^ tor light to crosa 
from one side of the nebula to the other. 

Another beautiful naked-eye nebula is in th* 
sword of Orion. This ifl tnorc cloudlikct and the 
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spectrum shows it is gaseous- So tar as we know, 
ihis QchuU vi,-ai not obH^rvcd untiJ 161S1 and it is 
beJieved to be undergoing changes with more visi- 
ble rapidity than b the case with raost similar 
clswes of nebulic. 

Different Xinds of Ncbiila«, — Many people 
speak of nebula as (f they were all of a kind ; nor 
necessarily alike in size or shape^ but of a unjform 
brightness^ such as all Easeous matter with which 
we are acquainted generally appears when lumi- 
nous- But this is to convey a wrong impression 
of these '* bright patchw of rlip skies," Generally 
speaking, they are of one hue, but here and there 
portions of a certain nebula have greater lucidity 
(or brightness) rhan others. Uniformity of light 
throughout a nebula is not the rule^ and there are 
also certain decided points oi condensed bright- 
ness. They are flisn nf various and often curious 
shapes; In fact, so much so that these have beea 
classified into nine dificrent classes^ ^| 

I. Nebulous stars, 1. e., stars with a nebula" 
suTroundiniEj them. There is such a star in the 
constellation Taurus, which is a perfect star, and 
j^et IS enveloped in s close-fitting nebula. It is 
ibis which led Sir William Herschel to the con- 
clusion rhar th*n^ existed in space " a shining fluid 
of 3 nature totally unknown to us." No one now 
believes there is anythJnc: like a '* fluid " (except 
ether) filling space, and it is not self-lummous- 
No one questions that there is a medium known Bs 
ether, which must exi*t for the purpose of con-* 
ducting Ifght-waves. This nebula in Taurus 
more, however, than the bnght envelope of tl 
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star^ like the solar corona, or the iUumioated so- 
called Sun's atmosphere. It ia too extended to be 
anything like this, a^ it flls a space around the 
star iy.ooo t[mes as large as the whole orbit of 
Neptune, lis irrpgularlties of light also indicate 
that it \s still in the midst ot its "unfolding activ- 
ities." In Hcrschcl's day thirteen nebulous stars 
were known, and ihe number has since been 
l3rgel3- increased by other observere. 

2. Planetary nebula:. Such shine not with the 
usual faint yellow, but with a bluisli li^^ht, which 
is associated with planetary (reflected) light. In 
them the centre is wel[-def:ncJ> yet is not a bright 
i!tar, and the light away from this centre is usually 
very uniform. The name originated from the fact 
that it was formerly supposed that the central 
point presented a real disc, such as 3. planet will 
present, but not a sun, but this is now found not 
to be true. About 70 such nebula* have been 
charted, in some of which the centre light h^ the 
appearance of twu cr more superimposed discs, as 
if it were abnut to become two or more stara. 
Some of then* seem to be tending towiird the an- 
nular and spiral nebula 

3. Annular nehulsp. They consist of an oval, 
bright rinf^i the interior of which i& filled with a 
nebulous haze ^* like ^aiise stretched over a huopn" 
and somerimes a great number of faint stars ap- 
pear without and within the ring. The ring is us- 
ually cHiptital and not a perfect circle. In one 
such nebula a central star once visible seems to 
have totally disappeared. 

4. Spiral rebuild. They corsist of a s^stcsv^A 
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bands, circular, or semi-drcular, and may 
cned to wreaths^ but arc not connected at the end ^ 
or sometimes appear as a " large spiral, full of 
knots;*' or are spiral chiefly in the sense of having 
a rotating or whirling motion. The frontispiece 
in ''How the World Was Made''" shows the lat- 
ter kind of spiral nebula! in Virgo» which prob- 
ably represents the form of nebular ttiat is usually 
aasociaced with the beginnings of a whirling mo- 
tion in as dear a manner as any other. When a 
nebula groups itself in tuiveJ lines — -and those 
lines may really constitute various specific shapes 
with curved lines for a basis — it is called a spir^H 
nc-tmla. ^| 

5i 6. 7i Sk ^4' We have also rometary nebulie, 
in appearance much like a comet ; double nebula? ; 
elltpricpl nphiil^t ; durnHMl nebiibp, and irreguh 
nebuliP, The name of each implies its appeal 
ance and we need not say more about them. 

The present number of known nebula; whit 
can be seen in the largest telescope la probably l< 
ooo, but phu to graphs of the heavens after long 
posure iniiicare that there are hundreds of th* 
sands of ncbuli, and sometimes ihe suggestion fs 
ruade that the whole Visible and Invisible Uni- 
verse may be full of nebulous gases^ the most of 
which arc unilluminatcd. It h believed that aJl 
of the visible nebuli^ except forty, are more than 
ten times farther away than the nearest of the 
stars, and that the faintest are, probably, oa 
average, one hundred times as far away. 
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The Nature of Nebulae. — T!ie word nebula 
means " cloudlikc/' and the name is based upon 
its app«raocc< That its substance Is chiefly gas- 
etiv^j containing enormovis masses of hydrogen, is 
proven by its nearly coniinuous spectrum. There 
Ls, however, one chief line in the spec-trum uf nch- 
idjp, indicating a substance not yet known to the 
earth, to which the name has been given of nebu- 
lium, for want of any berier ilc^ignatiun. None 
of the spectra of nebula; show the presence of 
those separate eJemcnts of matter which go to 
make up a star, or even our Sun, and this fact 
must be taken to indic;ite that^ whatever matter is 
ir the nebulaz, it is in an almost infinitcsimaUy 
diffufie[f ^rare, Anijtiier reason for this belief is 
that, as a nilCt all nebula? are transparent, stars 
being seen through them, with no apparent dimi- 
nution of light, frnm which fact it ha^ been calcu- 
lated by Mr- Ranyard that their density must he 
about the one ten-thousand millionth part ai the 
density of the Earth's atmosphere at sra level. 
Nor is it to be supposed that this i^cous matter 
is in a state uf combustion, as we understand that 
word to menu. Combustion must soon chan^ 
physical conditions, but ncbulj^ hnve not chanjcL'd 
appearances to any asronishin[[ decree since tlie in- 
vention of the larger telo^copes. It h supposed 
that the nebula in Andromeda has somewhat al- 
rerfd in thtr iiast century, hut to whfit e\tent is not 
clear. If the other theory be adopted, that elec- 
tricity", steady and continuous, at least so appear- 
ing at the inimetiiie rifsrance at which wp view it, 
plays a part in the illumination oi the.^ ^\\Ywe4' 
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groups of gafdzjus mattcff ^omc of the d[0iculdc9 
disappear. The command, '^ Lei thrre be lighf,^ 
may not have been applied to the illumination of 
any ni^hulous mass ju*t jls we now ste ii, but at the 
present time science is in no condition to antago- 
nize religious failh us to primeval beginnings. 

Tr also seems m be probable that the "^ newest 
find youngest" nebula (if \vt may use such 
terms) are sublc, and not In rcvolutior, but the 
most of them, lite the star*, are either receding 
irora or approaching us. How, in process of time, 
through conJcn&ation and clarification, if not be- 
fore begun, rotation begins, seems to present no 
difficulties to scientists, since they understand that 
gravity of itself has sufficient force in it to start 
and to continue the machinery in rotary operation. 

Some astronomers suppose nebulsE to be vcTf 
like the beacis of comets, though more difFused, 
but this remains to be verified. We know extreme- 
ly little about the heads of comets, except that 
they are gaseous fn nature ard ijlow in briglifnfss 
as tbey near the SuOh and dimini^ as they re- 
cede from it; whether their light be inherent or 
reflected is soil in debste. We do know this, that 
comets leave, in their trains streams of detached 
meteors, which Hiay or may not come from ihcir 
heads, and may or may not be amcmg the compo- 
nents, or characteristics, of nebula; although the 
nebula in AndromeJa docs have very much the 
appearance of swarms of meteors. Our Earth 
has never yet run into a nebula, as it has into these 
wanderers in a comet's path, and so we do not 
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Tnow whether meteors arc bound up with the clc- 
mmts in nebuU con? miction, or not. 

Ir any event] ncbui^ may be considered as bases 
for the building ot future suns and worlds^ and, 
if so, in them we see as far back toward the be- 
ginning of Creation os we can possibly see with 
eyes and telescope while we remain inhabitants of 
our present planet. Supposing them to be the 
Eoundfltion of all primitive sidcical life, we can go 
no farther. 

life in Other Worlds, — ^Wc have seen that it 
is not too much to assume that there are other defi- 
nite systems of stars in the Visible Universe be- 
sides our own little solar system, and it is no irra- 
tional assumption to say that there are probably 
millions oi planets, some oi which must be in the 
condirion of our own^ as to climates and capat"- 
ity for supporting life. It would be, indetdj most 
strange if it were not so. That there sliuuld be 
ore hundred millions or more of sun^, and no 
planetary worlds save one, (and such a tiny onel) 
seems incredible. We Icnow that maiiy, especially 
religious people, who are not astronomers, shrink 
from the thought thai the entire collection of in- 
telligent beings in the whole Unh erse is not that 
known as the Race of Man, for whom Revelation 
tells us the Creator has done ao much> But is it 
not belittling to the Almighty to imagine that He 
has exhausted His creative energy in making this 
one world, and putting inrelligcnccs 00 this one 
Kttle planet; or that He has purposely avoided 
placing living beings on other worlds, perhaps lesC 
the sad ciptricnce of a. ^'tace iaiXen irooi ^^^^F^- 
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ness " might be repeated elscwiierc? We kr\o^ 
little of His purpcses; then why limit theni by 
our creed or religion^ or our impcrf^t concept <i^H 
either the Divine power ur Divine will? ^| 

The doctrine of a *' plurality of worlds/' where 
life may exist, is a comparatively modern one, but 
fits in with science and the highest oiiwweep of 
human thought. It is a. doctrine full of possibili- 
ties, even from a. rcllgioui point of view. Eveiy- 
rhingp in ocher portions of the Universe, is ai^_ 
rajiged for planetary existence, ii not precisely li^| 
the condition of the Earth, yet unrlej aTCum^* 
stances often far more glorious. Larger suns, col- 
ored suns, group* of suns, myriads ot suns, may 
have been creatCLl for no other purpose than to 
give their feeble bght fo our Earth, but no ration- 
al man outht to suppose such a thing for an in- 
stant. It is too great an outlay of energj' for so 
trifling a result. The creation of one more moor, 
onc^lua^tcr the size of our present moon, would 
give to us all the additional light at night that i 
is furnished by all the stats. ■ 

Again, our place as men and women may be the 
highest place in the Universal Creation, but, if so, 
we ought to be appalled at the immense ^p 
tween the savages of Africa and the angels, wl 
are supposed to gather around the throne of tt 
Eternal It cannot be whoUv imagination to 5U| 
pose that there are intelligences, in nature at least 
equal to, possibly immeasurabiy above, "our own, 
makint: other portions of the Universe musical 
with the better barrrHinies of better conduct, and 
with songs of purer praise. Ocherwise, why all 
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array^ of stais, and tboc rvidoit fipccimaia of 
star-building and world-productioa ? 

We cannot see other planes, but that furnishes 
no rrasi»Ti to suppose thar The>- dn rwt t-xl^i. If 
we could be located this moment near Sirius, we 
should never suspect that our own Sun bad even 
one, much less eight, chief bright planers drclmg 
round him, or that there was anywhere in this 
Solar Srsteni a single human being. The fact that 
we cannot prove that there are intelligences on 
Mars, or on Venus, or that it is not reasonably 
certain (hat they arc there, docs not give weight 
to any doubt as to the Universe having manjF 
worlds Bimilor to our planets, or that some of 
these worlds, being fitted for the abode of life* do 
have life upon them in all ite vegetable and animal 
varieties. We have seen, in a previous volume in 
this '' I.ibTaTj'."* chat Man came upun the Earth 
just when it \i'a5 prepared for him, and not an age 
earlier or later. After millions of years, of slow 
but gradual preparation^ '* the clock stnick 
twelve " for Mar to appear, and he came. So it 
is likely with the nrishborinp planets of nur 
own sjfstem, although only one of them at the 
present time, in all probsbility, has arrived at, or 
i^ approachin^i the stasie when plant ami animali 
ard especially human, life can eKi^f, On Jiipirer 
and Satum, Uranus and Neptune, Time will yet 
proiiiice the cnnditions, and then, it is rational to 
believe, will appear the lower, to be succeeded by 
the higher, farms of Life, 
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£o in otlier systems. Periiaps only cnr plancT^ 
in a system, perhaps only one planet in many sys- 
rcma, is exactly ready for such creatures as shall 
have the soul -intelligence of Man, hut, even so, 
amid the multitude of systems, the number may be 
very great ; and, even if not so, who shall say thai 
whnlly different soul-in tell i fences may not live 
under very different planetary conditions irom 
that of the Earth on other planets! The iii&ump- 
rion that the conditions of life are the same in oth- 
er worlds as in our own is a natural one, but is 
not a proved one. It is one, indeed* which acu^ 
a limit to the Divine power. ^H 

Conceding, also, tor the sake of lojajic, that nff^ 
planet* whatever its gcologital condition, could 
sustain life unless its central orb, its sun, were of 
similar constitution to our own Sun (and, if our 
Sun were much different from what it \s. neither 
vegetable nor animal liie, much less human life, 
could be supported on the Earth), then vt^c m&jfWM 
by mere matbematics* figure out the probabilities^^ 
of the number of inhabited planetary worlds in 
somewhat the same manner Mr- Gore (a living 
English astronomer of much learning) ha^ done, 
and this will be the result: *'Thc number of stars 
visible in our largest telescope is usually estimated 
at 100,000,000, Of these we may, perhaps, as- 
&ume that ] 0,000,000 have a spectrum oi the solar 
t>'pe, and therefore closely resemble our Sun in 
their chemical constitution. If we suppose thai 
only one out of ten of these is similar in sisc 
the Sun. and has a habitable planet around it, 
hitvf a total of 1,000,000 worlds in the VisiH 
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Univerac, fittrd for the support of animal life/' 
Certainly this is lut guesswork, yet it contdna 
abundani: food for tho^ighr and wide-reaching 
specLilatior. 

Chanoea of CoUiaions of Stara. — Are there 
chances that the stars, which move in so many di- 
rections with such tremendous speed, and which 
have no calculable orbits, may sonaetimei col- 
lide with each other? May our Sun ever crash 
into flnothfr 'sun, or even our Karrh with a srray 
planet? Is thb to be the manner of a sun's or a 
planet's [Icdth ? We arc not prepared to a Jmit that 
under the tnown laws controlling the Universe 
9uch can be the case, at Icaat so far as actual orbi- 
tal motions arc concenicil. The Creator has giv- 
en plenty of room to every star and system; they 
are not as biinJfolJ knights, £omf: any whither 
into battle, but move with the precision of pre-dc' 
termired accuracj". No human-made clock is as 
accurate as the sidcrial time-pieces. The exact- 
ness with which the moon keeps her pUce in the 
heavens, century after centunr", and the corre- 
sponding adjuMment of these planets to each other 
and to the Sun, argues that, for at least tome 
ffons, there will be no collisions. In any event 
there will come no coIlL^iions by chance, as the 
laws of the Universe [Jo not pennit of chance. It 
may be difficult to uiideratand how any law can 
eliininate chance to the uttemnKt infinity of a 
fraction, but God's laws are not human laivs; ihey 
arc perfect, whereas oui^ arc far from it, 

Deatbfl to Suns and WorldB. — All material 
things change. Nothing is static save that which 
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is of the essence of tlic Eternal, Matter is in fynn. 
If not in fact, far from et<?rnal. It change? some- 
haw, scjniewhcrc, by every tick of the great clock 
of years. The ^Uih'^ is nut the same un its sur- 
face as if was a hundred ycar^ ago, and the most 
recent discoveries show that its atoms are under- 
going constant moleiiilflr changes, Waten ice, 
fire and a variety of processes abo devour, or oth- 
crwi5c alter, the positions and substances of mat- 
ter. Generally ^peakinj;, all things are hastening, 
or tendirgT toward Death. 

It may be soon, it may be remote, probably it 
will be very remote, but «y*me day we nre sure' 
that Death will ov^ert^ike the human race, just afi 
it now does individuals of each generation. The 
race may disappear, sometime, as suddenly as it 
wt& bom. The reason why the race must die is 
not that it is Si. riptiirally forecasted — -which, of 
course, has no weight as $\tch with the scientists — 
but because, in this one matter, as tn so many oth- 
ers, Revelntion and the highest deductions of sci- 
ence are ouPh 

Climate is slowly changing and will continue to 
I'lijinfre. Science declares the Ice A^ may return, 
and thatf in any event, the world will eventually 
luK" Its Himospherc and all the conditions that now 
support liff*: th^it one day it will become ^?^ our 
moon — a cold and lifeless world r that it uHll not 
longer revolve on its axis every day, but* Hke the 
moon, point the same face toward the pitiless Sun 
century ^ftcr ccnturj". 

The Earth has been losing beat ever since it was 
Jirst a burning, or illuminated, mass of chemical 
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and mineral consistence. Of necessity this is so. 
Had it T\i}t done so, it would never have been 
what tt now Es. This loss of heat muse go on to 
the end of m unle^n some mysterious outside 
agency intervenes ni keep the heat up forever ; and 
we know of notliir^ in the forms rjf j;cnerHted 
matter which will engender and re-engender heat 
thraughout all etcmityn Heat is only supplied 
through the P^pendirure of some force, ^nd the 
supply of material force is limited bv the extent 
cf the material itaeU- This Is a truth that is ax- 
Lomatic. Perpetual motion^ perpetual life^ per- 
petual heat, perpetual cncriiy of any kind» is un- 
known to this world, and. by analoj]j", is unknown 
to the systems of all material worlds. Every re- 
sult is from a cauJic, and cvcrj' material cause in 
rime comes to a period of ce^acion. vphich h rest. 
One of th^^ interesting features of the generally 
accepted theory that the earth, sun and stats will 
nne day he " hlotccd out '* is, thai the human race 
has always believed in the end as well as the be- 
cirning of created things, although they have also 
held that new creation;? would follow. The Chal- 
deans averred that the world comes to an end once 
in about 2S>ooo years, and tlie system is then reor- 
pmized. The Egj-prfans eave to it a longer cycle 
of duration; it is not clenr whether the extent of 
it wji-i r ^aonn. cir ;^on,iioo. or ^no.ixJo yrars. The 
Hmdoos pave the world a Juration of 4^320,000,- 
000 years» when it would be destroved by fire. The 
Babylonians ilividrd that number by ten, and rhe 
Chinesesaid 104,181 year?. The Jews beh'eved in 
a prophecy that the world would Is&t *i^V^ <iiy« 
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ycar^, 2,000 jears to the Flood, 2,000 ^ean to 
Messiah, and 2^000 years to the end of all things. 
All tlif oriental tiatjuns held Co 3 destruction of 
created matter in some furore era- Ci«to said 
that ' the memory oi mighty deeds could not be 
eternal, since conflagrationii ami deluges periodi- 
cally obliteratcfl all record of human achieve- 
ment/ Even the American Aztecs had their cycle 
of time, in which the world and the Sun \tseli 
would be destroyed,* 

The Sun is cooline: off. Its tremerdous cncr- 
gies are, apparently, ^itill young, hut its replenish- 
merit from its awn stores within must cease; and 
i£ there are slight replenishments from without 
as from the impact of meteoric stones, that, too, 
cannot go on everlastinglyn A'ltroivomers are gen- 
ally agreed tliat for the present, ihe constant con- 
traction of the Sun in its efforts toward condenca- 
tion and solidification is sufficient to keep up 
its heat' to its normal ejitent. A contraction of 
250 ieet per yea^r in its diameter will be sufficient 
to do this. But it cannot contract for an eternity 
of rime ; eventually it must become a solid. Pro- 
fessor Newcomb, a most careful ivritei in his 
statements, thinks that the Son could give suffi- 
cient heat to afford life on the Earth for 10,000,- 
000 yea re ; then it would reach the point of cold- 
ness, when life could no more exist,! Professor 
Young, of Princeton, than whom we have had no 
more able student upon the compo^tion and ac- 
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tividcs ot the Sun, gives it as his conclusion that 
"the total life of the aolar system^ iiom its birth 
to hs dpath, is mchidcd in some sucih f^pace of time 
2S 30^000, cxx> years."* 

When life depaita from the Eartli and It be- 
conips a dead planet ; when the Sun cools off com- 
pletely 7 when the ssjtic event, by the identical and 
incjiorahlc laws of Naturej occurs in all systems, 
what? Of what future use will be this vast amy 
of matter? Will there everywhere be 3. cessation 
of motion, and each system, one by one, as it 
reaches its "grave of enormous years," come to- 
(Tether through the forces of gravitition in one 
general aggregation of cold and inert masses? 
This is to go too far beyond our mentaJ ken. God 
knows; wc do not. Such things arc too deep for 
us, just as the heavens themselves are too high for 
us. 

A Comforting Thought. — Bue, in the mean* 
time, there is this thought to comfort us u'ho are 
living in the present, that so far as wc arc con- 
cerned, there is 

"Ont lied, onfllflw, anflelemflTit, 

And one Ii.r-ofT I>lrlae event 

To whlcJi ttifl vrhcLfl CraLcinn movn/' 

For US the machinery of the heavens is in perfect 
running order, and will not run down for many 
and many an leon. The Cycle of Matter, as it is 
now in progress, will continue so long into the 
future that wc need not worry over its forces cul- 
minating in any local or general catastrophe in 
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out generation^ unless by the direct interposition 
of th<! will of fhc Dtvine Mechanic. And» lastly, 
the mind of Man. whiuli has proven in so many 
ways that it can triumph over mattcrj contains as 
its very essence a spark from that eokindline 
SpiriTn W]io haft made atjd watched over this 
whole Creation until now, and will until its end. 
and by Whose power and free consent the Soul 
has brer made and i^; to be cnilj' eternal. When 
all creatrd things witliin oar ken have perished 
and " the heavens shall be rolled toecthcr as a. 
scroll,"* M^in, the immortal, will only have be- 
gun to burn his inextinRuishable lomp of Light 
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NOTES ON THE TEXT. 

'Paee b. Planet means " wanderer;" the plan- 
ets seem to "wander" among the other stars, 
which appear to remain stable. 

-'Page 2.1. Hipparchus has been well called the 
" Father of Astronomy." He not only cata- 
logued the stars, but salved plane and spherical 
trianeles, devised the lines of latitude and longi- 
tude, discovered the Precession r]f the Equinoxes, 
calculated eclipse?, divided the day into periods of 
twelve hours cadj, and determined the periods of 
the planets- 

'^Page 24- It has been stated that Jansen, of 
Midiiirhiirg. nullatid, a few months prior to the 
time when L(ppershe>' apph'ed for his patent, had 
comtnictcd a telescope sixteen inches in length, 
but was prevented from using it by a large bribe 
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from two members of the loyai fainQy. It was 
Lippcrshcy, however, who made it known, and his 
appliration for a pareiu (1608) got to the cara 
of Galileo- 

-"Page 3,3i- Notwithstanding ihat Sinus is the 
brightesi of all the ^rars, its actual light would 
have to be multiplftd to our sight 7,000.000,000 
tiiQcs hrfurc such light would be as bright as our 
Sun. 

^Page 38. It is not capable of demonstration 
that the Sun is in the centre, or near the centrr. 
of the Milky Way, but all observations point 
toward such a conclusion. 

*Pa£e 41. Dr. Gould ftgurts out chat the stars 
cf all (apparent) magniludes, ii they were oi an 
equal number in each magnitudCn should be such 
rhat the great Lick telescope ^h{>uld show 1 1 ,8jO,- 
1 14,720 stars. We know this is not the case, and 
that only about 100.000,000 are visible. 

^Pagp 45. No one knows how cold the ether 
in space is, but assuiring that it is not heated at 
all by the emanations of heat from the suns (or 
stars) and nebulie — which is a mere assumption 
— it muat be at the absolute zero of temperature, 
which is believed to be — 459-4° Fahrenheit, L c, 
459.4* beTow our ordinary Fahrenheit zero. 

*Pase 46. Precession of the Equinoxes. The 
North Pole of the Earth is supposed to point 
steadily toward the North Star, but there is an 
unsteady motion ot the axis of the earth as in the 
action of a spinning cop. As a result the true 
North Pole describes a little cirde in the hea.vens 
in the course of about 25,695 v^^^- '^'wa S.*k^ 
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was known by Hipparchu^, but it was Newton 

who first discovered that tt was the combined re- 
sult of the motion of the Earth and the attraction 
of the sun and itiDon* such attraction acting un- 
equally because tbe Earth is not a perfect sphere. 
We speat ot the Precession of the Equinoxes be- 
cause each year by means of the foregoing stated 
fact, the spring equinox is about twenty minutea 
earlier than the year before, so that in the course 
of 12,848 years the vernal equinox will he in thi 
present position of the autumnal equinox. 

'Page 74. Same astronomers have computed 
the Sun's motion in ^pace at 14 miles per second. 
Dt. Krupf, of Potsdam, fixed it at 1 1.5 miles. A^ 
more recent calculation (1902) makes it ig.SV 
miles. The exact velocity cannot be considered 
as settled ; it is one of those problems that, for va- 
rious reasons, is a most difRcult one to salve. 
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